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FOREWORD 


Th«  work  tn  chi*  program  waa  performed  *c  Th*  Boeing  Company,  Saaccla, 
Waahlngton,  under  NASA  Contract  NAS7-779  during  th*  period  March  26  - 
October  26,  1970.  Th*  NASA  Headquarter*  project  manager  vat  Mr.  Frank 
Compltello.  The  program  waa  administered  under  the  direction  of  the  technical 
manager,  Mr.  Loula  R.  Toth  of  the  Jet  Propulsion  Laboratory,  Pasadena , 
California. 


Th*  project  was  managed  at  The  Boeing  Company  by  Mr.  Jamas  R.  O'Brien 
of  the  Flight  Technology  Department  (Propulsion  Croup)  of  the  Research 
Division  of  the  Aerospace  Croup.  Th*  technical  effort  was  the  responsibility 
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1.0  SUMMARY 

“in  chi*  program  various  application*  of  radioactive  tracer  technique*  Co  flow 
decay  problem*  were  explored.  The  main  object  of  Che  program  wa*  Co  develop  a 
sensitive  cool  which  could  be  used  Co  detect  Che  time,  place,  and  degree  of 
deposition  of  mecal  contaminants  within  various  components  of  a  propellant 
feed  system.  Such  a  tool  was  successfully  developed  and  readily  applied  to 
flow  studies  Involving  nitrogen  tetroxlde  and  hydrazine. 

As  an  analytical  cool,  thermal  neutron  activation  followed  by  gamma  counting 
was  shown  to  be  a  sensitive  method  for  the  quantitative  analysla  of  a  variety 
of  metals  In  liquid  propellants.  For  purposes  of  demonstration,  the  experi¬ 
mental  Investigation  was  limited  to  the  metals  Iron,  zinc,  and  chromium 
and  the  propellants  hydrazine  and  nitrogen  tetroxlde.  Both  "wet"  and  "dry" 
analytical  methods  were  employed.  In  the  wet  method  the  propellant  and  Its 
contents  were  activated;  In  the  dry  method  the  residue  left  sfter  the 
propellant  had  been  evaporated  was  activated.  The  dry  method  was  found  to 
be  more  widely  applicable  to  propellants  and  was  simpler  to  employ.  Limits  of 
detection  of  0.1,  0.01,  and  0.001  parts  per  million  (ppm)  were  found  for 
Iron,  zinc,  and  chromium  respect ively ^  These  limits  apply  to  a  small  amount 
of  propellant  (10  grams),  a  relatively  short  counting  time  (1  hour),  and 
moderate  activation  conditions  (10  hours  In  a  flux  of  8  x  lO4*-  neutrons  per 
cm  per  sec.). 

As  a  diagnostic  tool,  the  gacssa  emissions  from  radioactive  tracers  of  lron-59, 
zlnc-65,  and  chromlum-51  provided  a  very  sensitive  means  of  monitoring  the 
movement  of  metal  contaminants  In  a  stainless  steel  flow  test  assembly.  Flow 
tests  were  conducted  with  nitrogen  tetroxlde  and  hydrazine  In  which  each 
propellant  was  flowed  through  both  a  filter  (10  micron  absolute,  stainless 
steel  wire  mesh  type)  and  a  capillary  (0.008  Inch  I.D.,  10  Inches  long, 

304  stainless  steel).  In  most  runs  radioactive  tracers  were  added  directly 
to  the  propellant,  while  In  some  runs  radioactive  contamination  was  Introduced 
through  Interaction  of  the  propellant  with  radioactive  metal  surfaces. 
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Flow  decay  w»»  readily  obaarvad  whan  MSC-PPD-2A  N,0,  waa  paaaed  through  tha 
filters.  In  all  auch  runs  measurable  radioactivity  (about  1  to  102  of  the 
total  added)  deposited  on  tha  filters,  often  prior  to  the  tine  at  which  a 
decrease  in  flow  rate  could  be  measured.  At  no  time  did  flow  decay  occur 
without  the  prior  or  concurrent  build-up  of  radioactivity  on  the  filter. 

A  few  runs  were  made  with  distilled  MSC-PPD-2A  S.,0^  to  which  had  been  added 
varying  amounts  of  ferric  nitrate.  The  degree  of  flow  decay  was  approximately 
proportional  to  the  quantity  of  ferric  nitrate  added,  and  with  no  ferric 
nitrate  added  (other  than  0.001  ppm  of  the  radioactive  tracer)  no  flow 
decay  was  observed.  Distillation  thus  seems  to  offer  promise  as  a  means  of 
eliminating  flow  decay. 

So  flow  decay  was  observed  In  any  runs  involving  the  passage  of  S,0^  through 
capillaries  and  the  passage  of  S,^  through  either  filters  or  capillaries. 

In  none  of  these  runs  was  any  appreciable  radioactive  contamination  deposited, 
a  result  which  Is  consistent  with  the  absence  of  flow  decay.  In  some  runs 
Involving  capillaries,  partial  blockage  of  the  capillaries  occurred,  but 
subsequent  Investigation  Indicated  that  the  blockage  resulted  from  the 
presence  of  extraneous  partlculste  matter  In  the  propellant  rather  than  a 
flow  decay  mechanism  such  as  gelation  or  metal  complex  formation  within  the 
capillary . 
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2.0  INTRODUCTION 

Generally  speaking,  flow  decay  can  be  defined  as  che  decrease  In  flow  race  of 
a  propellanc  as  a  funcdon  of  Cine  when  ChaC  propellant  flows  Chrough  a 
conscrlcclon  (such  as  a  filter,  valve,  or  orifice).  More  specifically,  this 
definition  has  been  applied  Co  decreases  In  flow  rate  of  N.,0^  caused  by  che 
formation  and/or  deposition  of  metal  compounds  (In  particular.  Iron  nitrate 
complexes)  within  chose  constrict  Ions . ^ ‘  These  Iron  nitrate  conplexes  are 
heavily  solvated  with  solvent  >  molecules,  even  to  the  point  of  forming 

gels.  This  explains  In  part  why  such  snail  concentrations  of  Iron  In  N,0^ 

(about  1  ppn J  can  so  easily  cause  clogging  problems. 

These  very  snail  natal  concentrations  necessitated  the  use  of  highly  sensitive 

detection  techniques  In  early  flow  decay  studies.  Consequently,  shortly  after 

1  •> 

Initial  exploratory  research  was  undertaken,  **  a  search  was  made  at  The 
Rosing  Company  for  possible  detection  techniques.  Subsequent  work  was  successful 
in  denonstratlng  that  radioactive  tracing  had  considerable  value  as  a  highly 
sensitive  detection  technique.^  In  the  Boeing  study  radioactive  strips  of 

Iron  foil  were  Immersed  In  stirred  samples  of  distilled  N,0,  to  which  had 

i  *• 

been  added  known  amounts  of  various  Impurities  (H,0,  NO,  N0C1).  By  counting 
the  radioactivity  that  was  transferred  to  the  solution  as  a  function  of  time, 
accurate  rates  of  dissolution  were  measured.  The  method  was  rapid,  continuous, 
nondestructive,  and  highly  sensitive.  Iron  concentrations  were  successfully 
measured  to  the  nearest  0.01  ppm. 

Because  of  the  promising  advantages  exhibited  by  radioactive  tracers,  this 
program  was  undertaken  with  the  object  of  developing  a  sensitive,  accurate 
tool  that  could  be  applied  rapidly  and  nondestructlvely  to  a  feed  system  In 
an  effort  to  answer  such  questions  as  (1)  whether  a  build-up  of  metal- 
contalnlng  deposits  Is  occurring  during  propellant  flow;  (2)  where  the  build-up 
Is  occurring;  (3)  how  fast  the  build-up  Is  occurring;  and  (4)  which  metals  are 
depositing  and  In  what  proportions.  This  developstent  program  was  to  be 
accomplished  in  two  tasks.  Task  1,  which  involved  the  quantitative  analysis 
of  metals  In  propellants,  developed  procedures  for  utilizing  neutron  activation 
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as  an  analytical  technique.  For  purposes  of  demonstration,  the  study  was 
limited  to  the  metals  iron,  zinc,  and  chromium.  In  performing  Task  1,  the 
groundwork  was  laid  for  establishing  the  ganna  counting  methods  required  for 
Task  2.  Task  2,  which  Involved  flow  tests  with  the  propellants  N.,0^  and 

,  developed  procedures  for  tracing  the  movement  of  metal  compounds  through 
constrictions  such  as  filters  and  capillaries. 
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3.0  THEORY 

Radioactive  atoms  contain  nuclei  which  poaaasa  an  axceaa  of  energy.  These 
nuclei  decay  at  a  characteristic  rate  to  a  stable  state  by  the  emission  of 
various  particles  or  electromagnetic  radiation  such  as  alpha  particles, 
electrons,  and  gasssa  rays.  The  emissions  are  specific  to  the  decaying  nucleus 
and  can  be  used  as  a  positive  means  of  identifying  an  element.  These  radio¬ 
active  nuclei  can  be  prepared  through  a  variety  of  nuclear  reactions,  a  common 
one  being  the  capture  of  a  low  energy  (thermal)  neutron  by  a  nonradioactive 
nucleus.  Although  only  a  small  fraction  of  the  total  number  of  atoms  of  a 
sample  can  usually  be  made  radioactive  (often  less  than  one  atom  In  a  billion, 
but  a  known  and  reproducible  fraction),  sufficient  numbers  of  radioactive 
nuclei  may  remain  to  produce  a  large  (and  countable)  rate  of  decay,  thus 
forming  the  basis  for  a  highly  sensitive  analytical  technique. 

In  deciding  whether  thermal  neutron  activation  can  be  applied  usefully  to 
metal  analyses,  two  Important  questions  need  to  be  answered:  (1)  can  the 
metal  be  made  sufficiently  radioactive  that  a  suitably  large  nuclear  dis¬ 
integration  rate  la  attained?  (2)  can  the  resulting  disintegrations  be 
counted?  These  two  questions  are  best  treated  separately  In  order  to  consider 
the  various  peculiarities  of  specific  metals. 

The  first  question  Is  answered  by  considering  elementary  theory.  The 
disintegration  rate,  dN/dt,  Is  directly  proportional  to  the  number  of  radio¬ 
active  atoms,  N, 


-  dN/dt  -  X  N  (1) 

where  X  ,  the  proportionality  constant.  Is  known  as  the  disintegration 
constant.  The  disintegration  constant  is  Independent  of  all  known  physical 
variables  (e.g.,  temperature,  magnetic  fields,  pressure)  and  Is  defined  by  the 
equation 

A  -  In  2/t1/2  (2) 

where  t^^  is  the  half  life  of  the  Isotope  In  question. 
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Th«  race  of  formation  of  radioactive  atom*,  dN/dt,  la  a  nuclear  reaction 
la  given  by  the  equation 


dN  -  N  K 
dt  ° 


O) 


where  la  the  number  of  atoaa  available  to  undergo  activation  to  the  radlo- 
laotope  In  question,  ♦  la  the  neutron  flux  In  neutrona  per  aquare  centimeter 
per  second,  and  r  la  the  croaa  section  In  aquare  centimeters.  (The  cross 
section  la  a  measure  of  the  probability  of  a  neutron  being  captured  to  yield 
the  desired  radioisotope  and  la  usually  given  in  bams,  where  one  bam  equals 


The  net  number  of  radioactive  atoms  formed,  dN,  In  time  dt  la  the  number 
activated  in  the  reactor  less  the  number  that  decay  during  the  activation 
period. 

Thus,  from  (1)  and  (3) 

dN  -  N  <t>«"  dt  -  X  Ndt 
o 

dN  -  (N  $«■  -  X  N)  dt  (4) 

o 

upon  Integrating  (4), 

N-l  N  <t«-  (1  -  e  "  Xt)  (5) 

X  0 

Equation  (S)  gives  the  number  of  radioactive  atoms  present  after  time  t  In 
the  reaccor.  When  c  la  large  (that  la,  saturation  activity  is  reached),  Che 
rate  of  formation  equals  the  rate  of  decay  and  (5)  reduces  to 

N  -  1  N  $<r  (6) 

X  ° 

When  c  la  small,  (5)  reduces  to 

N  .  r  t  (7) 

using  the  approximation  e  ^  '*1  -  Xt.  Equation  (7)  Is  valid  over  a 
wide  range  of  conditions.  For  exampla.  Iron,  chromium,  and  line  have  half 
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lives  of  Che  order  of  a  month  or  more,  and  Che  amount  of  decay  ChaC  occurs 
during,  aay,  a  10  hour  acdvadon  period  la  practically  negligible. 

JubatlCudng  (7)  into  (1)  gives  Che  activity  of  Che  radioisotope  at  Che  end 
of  the  activation  period. 

dN  -  XN  4><r  t  (8) 

"  d? 

One  can  then  use  (8)  to  answer  the  first  question  asked  at  the  beginning  of 
this  section:  can  the  metal  be  made  sufficiently  radioactive  chat  a  suitably 
large  nuclear  disintegration  race  Is  attained?  A  "suitably  large"  disintegration 
rate  Is  defined  as  one  that  produces  a  counting  rate  In  detection  equipment 
that  la  roughly  comparable  to  chat  of  natural  background.  If  the  count  rate 
becomes  less  than  about  one  tench  that  of  background,  Chen  counting  times  must 
be  Inconveniently  long  In  order  to  achieve  statistically  significant  results. 

A  detailed  look  at  probability  and  statistics  Is  beyond  the  scope  of  this 
discussion,  but  a  quick  check  of  some  elementary  conclusions  can  explain 
Che  relationship  between  the  sample  count  rate  and  Che  background  count  rate. 
Nuclear  decay  Is  a  statistical  process,  and  the  probable  error  In  counts 
recorded  depends  both  on  the  total  number  of  counts  and  the  desired  confidence 
level.  One  might  ask  for  example  how  many  counts  must  be  registered  to 
establish  a  52  statistical  sampling  error  at  a  902  confidence  level.  This 
means  that  at  Chat  number  of  counts  there  Is  a  902  chance  that  the  measured 
number  of  counts  la  the  correct  value  within  ♦  52  of  the  measured  number. 

Another  way  of  viewing  the  measurement  Is  that  If  many  such  measurements  are  made, 
902  of  them  would  be  contained  within  the  ♦  52  error  limits,  and  102  would 
be  outside  the  error  limits.  It  can  be  shown  that  the  error  limits  are  esti¬ 
mated  by  the  equation 

Error  limits  -  ♦  n>/r  (9) 

where  C  is  the  total  number  of  counts  and  n  is  the  number  of  standard 
deviations  that  corresponds  to  the  desired  confidence  level.  At  a  confidence 
level  of  902,  the  value  of  n  is  1.645.  Thus  the  percent  error  in  a  measured 
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number  of  counts,  C,  st  a  90X  confidence  level  Is  given  by 


Percent  error  ■ 


1.643  IT 
C 


<100) 


(10) 


Plots  of  percent  error  against  counts  are  given  In  Figure  1  for  various 
confidence  levels.  Note  thst  at  a  90X  confidence  level  that  the  error  la  only 
1.7Z  for  a  relatively  snail  10,000  counts.  Even  st  1000  counts,  ths  error 
Is  only  5.2X. 


A  problem  occurs  when  background  counts  Bust  also  be  considered.  Natural 
background  results  froa  sources  such  as  cosalc  rays  and  can  be  reduced 
by  Increasing  the  amount  of  shielding  that  Is  eaployed.  For  the  detector- 
counter  unit  used  In  this  study,  the  background  count  rate  was  of  the  order  of 
2  counts  per  second  or  120  counts  per  minute  (cpa)  In  the  energy  range  1.0  to 
1.4  Mev. 


Consider  now  «  hypothetical  radioactive  aaaple  that  Is  counted  at  the  slow 
rate  of  1/100  background  (1.2  cpa).  For  how  long  would  one  have  to  count  to 
achieve  a  10X  statistical  saapllng  error  at  a  90X  confidence  level?  If  there 
were  no  background,  one  would  require  270  counts  (froa  Equation  10  or  Figure  1), 
or  about  223  alnutes  at  a  count  rate  of  1.2  cpa.  However,  In  the  presence  of 
a  120  cpa  background,  the  contribution  to  the  counts  due  to  the  bsckground 
for  a  223  alnute  count  would  be  120  x  223  “  27,000.  Since  the  uncertainty  In 
the  27,000  count  background  (♦  270  counts  froa  Equation  (9)),  Is  equal  to  the 
counts  froa  Che  radlosctlve  •ample,  a  counting  tlae  of  223  alnutea  Is 
coapletely  Inadequate  If  one  desires  to  count  the  radlosctlve  aaaple  with  a 
probable  10X  error.  One  would  have  to  count  at  least  100  tlaes  as  long,  or 
22,300  alnutes,  to  achieve  about  a  10X  error.  At  this  very  long  counting  tlae 
the  probable  error  In  the  background  (♦  2700  out  of  2,700,000  counts)  would 
be  10X  of  the  counts  of  the  radioactive  aaaple  (1.2  x  22,300  *  27,000).  However, 
22,500  alnutes  (a  little  leaa  than  16  days)  Is  an  Inconveniently  lengthy  tlae 
to  have  to  count  a  aaaple. 
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The  second  question  asked  at  the  beginning  of  this  section  (can  the  result¬ 
ing  disintegrations  be  counted?)  will  now  be  related  to  the  first  question 
(can  a  suitably  large  disintegration  rate  be  attained?).  A  great  deal  depends 
on  what  type  of  emission  Is  being  counted.  This  study  was  restricted  to  the 
counting  of  games.  Gama  rays  are  very  penetrating  and  are  easily  counted. 

By  contrast  charged  particles  such  as  betas  Interact  readily  with  matter 
and  may  possess  low  penetrability.  Consequently,  betas  can  be  counted  with 
greater  effort  and  at  a  sacrifice  In  sensitivity.  Fortunately,  practically 
all  common  metals  have  at  least  one  gama-emlttlng  Isotope  that  can  be 
prepared.  If  not  by  thermal  neutron  activation,  then  by  soma  other  means. 

It  must  be  understood  that  one  disintegration  does  not  correspond  to  one 
count.  For  some  Isotopes  only  a  fraction  of  the  disintegrations  yield 
gammas.  Consider  chromlum-51,  lron-59,  and  xlnc-65,  the  only  gamma  emitters 
formed  by  the  thermal  neutron  activation  of  any  naturally  occurring  Isotopes 
of  these  metals. 

-50,.  .....  .  .  1  T~  -  16  bams  _  51 

,,Cr  (4.4T  abundance)  ♦  n - -  ■  —  —  ,.Cr 

O  X4 


-,£Fe^(0.33T  abundance)  ♦  °nL - - ,^arn 


*-^4  .  ,  .  1  «"•  0.5  bam  _  65 

jQ.n  (.8.9.  abundance)  ♦  ^n  - s^  ^Zn 

The  radioisotopes  thus  formed  subsequently  decay  largely  by  the  following 

schemes : 


27  days 


Electron  conversion 
to  ground  state 


Electron  conversion 
to  excited  state 


23V51  (90X) 

jjV51  ♦  0.32  Mev 


r  (10X) 
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26 


Fc 


59  h/2m  45  d*y> 
/3  Mission 


59  f 1.10  Msv  r 
27  °  1 1.29  Mev  * 


(572) 

(432) 


30 


Zn 


65  Cl/2  ’  245  dH 


/3  emission 


29 


Cu65  (1.32) 


Electron  convtri Ion 


to  ground  scats 


F.lsctron  conversion 


29 


Cu 


65  (532) 


to  excited  state 


65 


29 


Cu  ♦  1.12  Mev  r  (45.52) 


These  decay  processes  Involve  charged  particle  Interactions  followed  by  game 
ealsslon.  Chromium- 51  decays  by  electron  conversion,  giving  one  0.32  Mev  gamma 
for  every  ten  disintegrations.  Iron-59,  however,  decays  by-beta  emission 
giving  two  gammas  of  about  1  Mev  energy  In  varying  proportions.  In  one  type 
of  disintegration  (572  of  the  time)  a  1.10  Mev  gamma  is  emitted,  while  In  the 
remaining  432  of  the  disintegrations,  a  1.29  Mev  gamna  Is  emitted.  Thus, 

If  one  counts  Che  1.29  Mev  gamma  emissions,  one  will  be  able  to  record  no 
more  than  43  counts  out  of  every  100  disintegrations.  Zlne-65  decays  In  a 
fairly  complicated  manner,  proceeding  by  positron  emission  (1.52),  electron 
conversion  to  the  ground  state  (532),  and  electron  conversion  to  an  excited 
state  (45.52)  with  accompanying  1.12  Mev  gamma  emission. 

It  must  also  be  understood  that  a  detector-counter  unit  la  not  1002  efficient. 
This  Is  because  of  Imperfections  In  the  equipment,  geometrical  considerations 
that  limit  the  number  of  ganaaa  that  can  be  captured  by  the  detector,  and  the 
penetrability  of  gasias  which  permits  some  gansnas  to  pass  unhindered  through 
the  detector. 

A  beam  of  gammas  of  Intensity  Iq  Is  attenuated  In  accordance  with  the  equation 

I  -  I  e  (11) 

o 

where  I  Is  the  Intensity  after  passing  a  distance  x  through  the  material. 

The  linear  absorption  coefficient,^  ,  Is  a  function  of  the  material  and 
the  energy  of  gammas.  For  example,  for  1  Mev  gamas  passing  through  metallic 


I 
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aluminum,  y*  la  0.43  Inch  *.  This  aeons  choc  the  beam  Intensity  la  attenuated 
by  a  factor  of  2  for  each  1.6  inches  of  alualnua  through  which  the  been  passes. 
In  general  penetrability  decreases  with  decreasing  gamma  energy,  so  that  the 
detector  efficiency  for,  say,  Cr5i  gammas'  (0.32  Mev)  is  higher  than  for  Znb^ 
gammas  (1.12  Mev). 

The  above  limitations  on  detector  efficiency  operate  together  to  make  the 
3  inch  x  3  inch  cylindrical  Sal  well  detector  used  in  this  study  only  about 
15Z  efficient  for  1  Mev  gasses. 

The  questions  asked  at  the  beginning  of  this  section  will  now  be  answered 
for  the  aetals  chromium,  iron,  and  zinc.  For  purposes  of  illustration,  the 
detection  limit  for  the  activation  analysis  of  zinc  will  be  calculated  in 
detail.  Calculations  for  iron,  chromium,  and  other  aetals  are  similar. 

Assume  a  flux  of  8  x  10*'  neutrons/cm" /sec  (the  flux  encountered  in  the 
Washington  State  University  reactor  during  this  program),  an  activation  time 
of  36,000  seconds  (10  hours  is  about  the  maximum  time  the  reactor  can  be 
continuously  run  during  one  working  day),  and  that  a  sample  count  rate  of  one 
tenth  background  (0.2  count  per  second)  is  the  minimum  count  rate  that  will 
permit  counting  times  of  reasonable  length  (no  more  than  a  few  hours).  Since 
the  detector  efficiency  is  about  1ST  for  1  Mev  gammas  and  since  only  46* 
of  the  disintegrations  yield  the  countable  1.12  Mev  gamma,  a  disintegration 
rate  slightly  greater  than  the  background  count  rate  is  required  (-dN/dt  • 
(0.2)/ (0.15) (0.46)  -  2.9  dls./sec.) . 

If  one  then  substitutes  the  above  nusfcers  along  with  the  proper  cross 

section  (  «"  ■  0.5  x  10  cm^)  and  Znb^  disintegration  constant  (  X  • 

3.275  x  10  9  sec  l)  into  equation  (8),  a  value  of  Ji  •  6.15  x  lO1*  Znb^ 

o 

atoms  is  obtained.  The  detection  limit  in  grams  is  then  given  by 

limit  in  grams  -  (Sp)  (W)  -  (6.15  x  IQ1")  (65.38) 

(f)  (A)  (.489)  (6.02  x  10° 

-  1.36  x  10"7  g 
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where  W  la  the  atonic  weight  of  zinc,  f  la  the  fractional  natural  abundance 

of  zlnc-64,  and  A  la  Avogadro'a  number.  Since  the  Nal  detector  well  uaed  In 

thla  atudy  had  a  uaable  volume  of  about  15cc  (corresponding  to  about  lSg 

of  a  propellant  auch  aa  N,H , ) ,  the  detection  limit  of  zinc  In  parta  per 

•  7  ^  b 

million  la  (1.36  x  10  )  (10  )/15  •  .009  ppm.  Thla  detection  limit  could 

be  Improved  several  orders  of  magnitude  by  activating  In  a  higher  flux  for 
a  longer  time  and  by  counting  for  a  longer  period.  However,  one  nust  be 
willing  to  pay  the  penalty  of  the  Increased  times  and/or  Increased  cost. 

Similar  calculations  for  Iron  and  chromium  yield  detection  limits  of  close  to 
0.1  ppm  for  Iron  and  0.001  ppm  for  chromium.  The  low  natural  abundance  of 
lron-58,  (0.33X)  is  largely  responsible  for  the  detection  sensitivity  being 
less  than  that  of  zinc  and  chromium.  Although  zlnc-64  has  a  high  natural 
abundance,  the  low  cross  section  of  zlnc-64  and  long  half  life  of  zlnc-65 
are  restricting  factors.  The  detection  sensitivity  for  chromium  Is  high. 

In  part  due  to  the  high  cross  section  of  chromium-50  (16  barns)  and  In  part 
to  the  short  half  life  of  chromlum-51  (27  days).  Also,  the  detector  efficiency 
for  a  0.33  Mev  gamma  is  higher  than  that  for  a  1.1  to  1.3  Mev  gamma  (about 
30  compared  to  15X  In  the  system  employed  In  this  study). 

The  absolute  detection  limits  for  these  and  other  metals  Is  determined  by  the 
saturation  activity  attainable  In  accordance  with  equation  (6).  As  noted  above 
the  detection  limit  for  Iron  by  neutron  activation  analysis  Is  about  0.1  ppm 
(10  g  Fe  In  a  10  g  sample)  using  the  activity  calculated  from  equation  (7) 
for  a  10  hour  activation  In  a  flux  of  8  x  10^  .  The  ratio  of  equations  (6) 
and  (7)  Is  given  by  (1/  X  )/t,  which  is  the  activity  at  saturation  compared 
to  the  activity  at  time  t.  For  lron-59  this  ratio  Is  156  assuming  t  ■  10 
hours,  which  means  that  the  detection  limit  can  be  decreased  by  a  factor  of 
156  by  activating  to  saturation  (several  months  would  be  required).  The 
simplest  method  of  decreasing  the  detection  limit  Is  to  activate  In  a  higher 
flux,  and  there  Is  no  problem  In  attaining  a  flux  In  some  reactors  two  orders 
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15  12 

of  magnitude  higher  (approaching  10  )  chan  chc  8  x  10  encountered  In  the 

WSU  reactor.  Thua  the  absolute  detection  Halt  for  Iron  by  neutron  activation 

analyals  would  be  approximately  four  orders  of  magnitude  less  than  the  0.1 

ppa  mentioned  above,  or,  0.0001  ppn.  This  assumes  activation  to  saturation  in 
14 

a  flux  of  8  x  10  followed  by  a  reasonably  short  counting  tlae  in  the  equipment 

uaed  in  this  program.  Longer  counting  times  In  more  elaborate  equipment  would 

give  even  lower  detection  limits.  Note  that  the  above  limit  Is  the  detection 

limit  for  activation  analyals,  not  the  detection  limit  at  which  commercially 

available  iron-59  tracers  can  be  counted.  This  would  be  even  lower,  because 

58  58 

such  tracers  are  prepared  by  activating  laotoplcally  pure  Fc  (Fe  occurs 

naturally  to  the  extent  of  only  0.33*  In  elemental  iron.)  The  detection  limit 
would  thus  be  a  factor  of  300  lower,  or  less  than  0.0000001  ppm,  for  such  a 
tracer.  Tracers  prepared  in  this  way  were  used  in  Task  2  of  this  program. 
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4.0  EXPERIMENTAL  SECTION 

4.1  Task  I  -  Thermal  Neutron  Activation  Analysis 

The  purpose  of  Task  1  was  to  develop  thermal  neutron  activation  as  a  method 
of  analyzing  quantitatively  for  metals  dissolved  or  dispersed  in  liquid 
propellants.  For  purposes  of  demonstration,  the  experimental  effort  was 
limited  to  the  metals  iron,  zinc,  and  chromium  and  the  propellants  nitrogen 
tetroxlde  and  hydrazine. 

In  theory  one  could  calculate  the  amount  of  metal  present  in  an  activated 
propellant  sample  making  use  of  equation  (8).  In  practice,  however,  exact 
measurement  of  variables  such  as  the  counting  efficiency  of  the  detector 
and  the  thermal  neutron  flux  in  the  reactor  is  difficult.  Also  the  cross 
sections  are  not  accurately  known  for  some  isotopes.  Consequently,  the  analyses 
were  made  with  the  aid  of  standards  as  discussed  in  the  following  paragraphs. 

4.1.1  Procedure 

In  general  the  analytical  procedure  consisted  of  five  steps:  (1)  preparation 
of  propellant  aamploa  ;  (2)  preparation  of  standards;  (3)  activation;  (4)  count¬ 
ing;  and  (S)  resolution  of  spectra. 

4.1.1. 1  Propellants 

Both  "wet"  and  "dry"  analyses  were  performed.  In  the  case  of  the  wet  analyses 
10  grama  of  the  liquid  propellant  was  sealed  in  a  quartz  tube  prior  to 
activation.  The  S.tT  (MIL-P-26536C)  was  obtained  from  Olin  Mathleson  Co.  and 
the  N„0^  (MSC-PPD-2A)  was  obtained  from  Southwest  Potash  Corporation.  The 
quartz  tubes  were  sealed  with  the  aid  of  an  acetylene-oxygen  torch  after 
freezing  the  contents  of  the  tubes  in  the  presence  of  a  stream  of  dry  helium. 

The  dry  analyses  were  accomplished  by  activating  the  residue  left  after 
evaporating  10  grama  of  the  propellant  to  dryness  with  the  aid  of  a  stream  of 
dry  nitrogen  gas.  Quartz,  polypropylene,  and  polyethylene  tubes  were  employed 
for  the  dry  analyses. 


DlflO-1271*!-! 


4. 1.1.2  Standards 

Both  wee  and  dry  standards  were  prepared.  It  was  necessary  to  have  two  sets 
of  standards  because  the  differences  in  geometrical  distribution  of  the 
radioactive  contaatlnants  In  the  wet  and  dry  cases  result  In  slightly  different 
counting  efficiencies.  In  the  dry  case  the  radioactivity  Is  concentrated  In 
the  bottom  of  the  container  tube.  This  places  the  sample  deeper  within  the 
Hal  detector  well  where  more  of  the  gausses  can  be  captured,  producing  a  somewhat 
higher  count  rate  than  In  the  case  of  the  wet  standards  (see  Table  2). 

The  calibration  tubes  consisted  of  19  am  O.D.  polypropylene,  polyethylene,  and 
quartz  tubes.  The  quartz  tubes  were  obtained  from  Engelhardt  Inc.  and  the 
polypropylene  and  polyethylene  tubes  from  Van  Waters  and  Rogers  (Cat.  Nos. 
60817-245  and  16448-081,  respectively).  Purs  quartz  and  hydrocarbon  plastics 
do  not  activate  to  give  any  Interfering  radiation.  The  sillcon-30  In  quartz 
activates  to  yield  slllcon-31,  a  gamma  emitter  (1.26  Mev) ,  but  the  half  life 
Is  so  short  (2.62  hours)  that  after  a  couple  of  days  the  rsdloisotope  has 
decayed  to  negligible  proportions.  Light  atoms  such  as  hydrogen,  carbon, 
nitrogen,  and  oxygen  do  not  activate  to  any  appreciable  extent.  Tritium  (^h  ) 
and  carbon-14  are  both  beta  emitters  and  are  produced  In  such  minute  amounts 
that  they  are  to  be  regarded  as  completely  inconsequential. 

Wet  standards  were  prepared  by  adding  to  the  polypropylene  tubes  aqueous 
solutions  of  four  concentrations  of  each  metal  (1,  10,  100,  and  1000  ppm). 

Reagent  grade  Iron,  zinc,  and  ammonium  dichromate  were  employed  as  primary 
standards.  The  Iron  and  zinc  solutions  were  prepared  by  dissolving  weighed 
mounts  of  the  metals  In  a  small  amount  of  nitric  acid  and  diluting  the 
resulting  metal  nitrate  solutions  with  enough  water  to  give  concentrations  of 
1000  ppm.  Successive  dilutions  then  yielded  solutions  of  100,  10,  and  1  ppm. 

The  ammonium  dlchromate  was  weighed  out  and  dissolved  directly  In  water  to  give 
the  Initial  concentration  of  1000  ppm.  The  substances  ammonium  dlchromate, 
metallic  iron,  and  metallic  zinc  were  chosen  in  part  because  the  other  atoms 
Introduced  into  the  resulting  solution  (hydrogen,  nitrogen,  and  oxygen)  do  not 
activate  to  give  Interfering  gamma  emissions.  A  complete  set  of  standards  (1000, 
100,  10  and  1  ppm  for  each  of  the  three  metals)  was  made  only  In  the  case  of 
the  polypropylene  tubes. 
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The  dry  standards  were  prepared  by  starting  with  a  set  of  solutions  identical 
to  the  wet  standards,  placing  the  tubes  in  a  vacuum  desiccator,  and  evaporating 
the  contents  to  dryness.  The  water  used  for  both  the  wet  and  dry  standards  was 
obtained  from  a  Samstead  demineralizer  using  a  mixed-bed  type  ion  exchanger. 

All  tubes  were  hermetically  sealed  to  prevent  reactor  water  from  leaking  into 
the  tubes.  The  quartz  tubes  were  sealed  with  an  acetylene-oxygen  torch,  and 
the  plastic  tubes  were  sealed  by  placing  a  tight  fitting  plastic  cap  In  the 
mouth  of  the  tube  and  fusing  the  two  together  with  a  hot  glass  rod. 

4. 1.1. 3  Facilities  and  Equipment 

The  activation  was  performed  in  the  Washington  State  University  reactor. 

The  irradiation  was  carried  out  for  10.87  hours  at  a  thermal  neutron  flux 
of  about  8  x  10"  neutrons  per  cm'  per  sec.  The  cadmium  ratio  (the  ratio  of 
thermal  neutrons  to  fast  neutrons)  was  10  and  the  gamma  dose  rate  was  about 
S  x  10'  rads  per  hour. 

The  reactor  Is  of  the  swimming  pool  type.  The  samples  were  loaded  into  four 
2  7/8”  x  20"  Irradiation  tubes  which  were  adjacent  to  the  core  of  the  reactor. 

The  tubes  were  of  such  a  size  to  accommodate  the  presence  of  three  bundles 
of  six  standards  per  tube.  The  three  bundles  were  stacked  on  top  of  one  another. 
These  tubes  were  rotated  during  the  Irradiation  period  to  Insure  a  uniform 
flux.  Iron  wires  (five  Inches  long,  0.009  Inch  diameter)  were  placed  in  each 
bundle  of  standards  so  that  the  flux  could  be  measured.  The  different 
bundles  of  samples  and  standards  could  then  be  related  to  one  another  even 
though  each  might  have  been  exposed  to  a  slightly  different  flux. 

The  gamma  counting  was  accomplished  with  a  3”  by  3”  sodium  Iodide  scintillation 
detector  with  1”  x  1  1/2"  well  (Harahaw  Company).  The  multiple  phototube 
output  was  amplified  by  a  charge  sensitive  preamplifier  of  Boeing's  own 
design  followed  by  a  Technical  Measurements  Model  CN  1024  multi-channel 
analyzer  with  a  tabular  printout. 

o 
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4. 1.1.4  Caaaa  Counting  and  Spectra  Resolution 

The  final  step  In  the  analytical  procedure  wu  to  count  the  activated 

59 

propellant  samples  and  compare  the  count  ratea  correapondlng  to  Fe  , 

Zn* * .  and  Cr*1  with  thoee  of  the  etandarda.  Thla  la  a  simple  setter  If  only 
one  component  (e.g.,  Zn6*)  la  preaent.  If  aeveral  cosponenta  are  preaent 
(e.g.,  Fa'*,  Zn6*,  Cr*1,  end  other  metal  lspurltlea  auch  aa  Cu66  and  Co^), 
then  the  different  apectra  overlap  one  another  and  suat  be  rcaolved. 

Figure  2  ahowa  apectra  of  Cr**,  Zn6*,  Fe"9,  and  their  aua.  If,  for  example, 
only  Zn6*  were  preaent,  then  one  would  alaply  determine  the  area  (count  rate) 
under  the  1.12  Me v  peak  (perhapa  In  the  energy  range  1.02  to  1.22  Mev)  and 

match  thla  area  (corrected  for  background)  to  the  area  of  a  standard. 

59  59 

If,  however,  Fc  were  also  preaent,  the  count  due  to  the  1.10  Mev  peak  of  Fe 

would  cause  considerable  Interference  aa  shown  In  the  aua  curve  of  Figure  2. 

There  la  also  background  Interference  f roe  the  1.29  Mev  peak  of  Iron. 

This  background  la  due  largely  to  Coapton  scattering,  which  causes  a  peak  to 
tall  at  the  low  energy  aide.  This  tailing  derlvea  Its  origin  from  scattering 
of  the  gaamas  (which  are  emitted  at  a  discrete  energy)  by  electrons  which 
producea  a  successive  reduction  In  energy  of  a  fraction  of  the  gasataa . 

One  method  of  resolution  which  was  successfully  employed  In  thla  prograa  was 
the  progressive  subtraction  of  standard  spectra  of  Iron,  zinc,  and  chromium. 

To  Illustrate  thla  process  conalder  Figure  2.  Referring  to  the  aua  spectrua, 
one  can  see  that  there  are  three  major  peaks:  the  first  at  0.32  Mav  due  to 
Cr  plus  background  from  Fe  and  Zn;  the  second  at  about  1.1  Mev  due  to  the  sua 
of  the  1.10  Mev  peak  of  Fe,  the  1.12  Mav  peak  of  Zn,  and  background  from  the 
1.29  Mev  peak  of  Fe;  and  the  third  at  about  1.3  Mav,  due  almost  entirely  to  Fe. 
The  resolution  process  consisted  of  subtracting  a  standard  Zn  spectrua  (within 
the  multichannel  analyzer  unit)  until  the  ratio  of  the  areas  (or,  aore  simply, 
the  heights)  of  the  peaks  at  1.1  and  1.3  Mev  was  equal  to  the  ratio  of  the 
areas  (or  heights)  of  the  1.10  and  1.29  Mev  peaks  of  pure  Fe.  A  standard 
Fe  spectrua  was  then  subtracted  until  the  peaks  at  1.1  and  1.3  Mev  disappeared; 
only  the  Cr  peak  at  0.32  Mev  then  reaalned. 
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This  subtraction  procsss  Is  saslly  dons,  but  can  become  tedious  If  many 
spectra  sust  bs  analyzed.  Consequently,  this  contractual  effort  aade  use  of 
the  SHIFTY  111  computer  program,  a  linear  least  squares  fitting  program  for 
the  Isotopic  analysis  of  gamma  ray  spectra. 

4.1.2  Results  and  Discussion  of  Task  1 
4. 1.2.1  Standards 

The  Irradiation  of  the  standards  was  successfully  accomplished,  although 
all  three  container  materials  contained  traces  of  elements  which  activated  to 
give  Interfering  gassa  spectra.  Furthermore,  polypropylene  underwent 
significant  radiation  damage,  causing  two  of  the  tubes  to  become  brittle  and 
crack.  These  and  other  results  are  summarized  In  Table  1. 

1.  Comparison  of  Container  Materials 

Comments 

In  genersl,  ths  best  material  tested.  So  significant 
radiation  damage  and  a  low  background  (comparable 
to  natural  background). 

Marginal  as  a  container  material.  Appreciable  radiation 
damage  (tubes  became  brittle)  with  background  about  10 
times  that  of  polyethylene. 

Although  radiation  damage  was  not  a  factor,  impurities  In 
the  quartz  activated  to  produce  a  very  high  background 
(about  100  times  that  of  polyethylene.) 

The  only  Impurities  positively  Identified  were  sodium  in  both  polyethylene 
and  polypropylene  and  zinc  In  quartz.  There  were  various  short  lived  Isotopes 
present  that  decayed  away  In  a  matter  of  a  day  or  two  and  longer  lived  Isotopes 
such  as  sodlum-24  (half  life,  IS  hours)  that  were  gone  In  a  week's  tins. 

However,  there  were  longer  lived  Isotopes  present  whose  activity  still  persisted 
after  one  week.  Major  gamma  peaks  after  one  week's  decay  were  found  at  the 
following  energies  (In  Mev):  polyethylene,  0.40  (half  life,  about  70  hours); 


TABLE 

Material 

Polyethylene 

Polypropylene 

Quartz 
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Polypropyl«n«.  0.40  (half  life,  About  30  hours).  0.56  (half  life,  about  30  hour*) 
quarts,  1.12  He  v  (due  to  sine). 

Table  1  Indicate*  that  the  background*  of  the  polypropylene  and  quarts  tube* 

respectively  one  and  two  order*  of  magnitude  higher  than  the  polyethylene 
tube*.  Since  the  method  of  manufacture  of  the  tubea  can  strongly  affect  the 
Impurity  concent,  the  above  background  level*  should  not  be  considered  typical 
of  polyethylene,  polypropylene,  and  quarts  In  general,  but  rather  the  value* 
for  these  specific  Cubes. 

To  avoid  correcting  for  the  background  of  the  tubes,  the  contents  were  simply 
transferred  to  unactlvated  19  am  glass  test  tubes.  In  the  case  of  the  dry 
standards,  the  precipitate  In  Che  bottom  of  the  tube  was  simply  redlseolved  In 
10  grams  of  water  before  transferring  to  the  teat  tub*.  The  resulting 
solution  was  then  used  as  a  wet  standard  or  re-evaporated  to  the  dry  state 
as  desired. 

A  special  difficulty  was  encountered  with  the  wet  chromium  standards.  After 
Irradiation  a  green  precipitate  was  noted  In  the  bottom  of  the  tubea.  The 
precipitate  was  not  Identified,  but  the  color  was  suggestive  of  a  Cr  (III) 
compound.  It  Is  possible  that  radiation  In  the  reactor  Induced  reduction 
of  the  (JIH^j  Cr,0,  to  a  Cr  (III)  compound.  The  presence  of  a  precipitate 
In  the  bottom  of  the  tub*  Is  objectionable,  because  the  geometrical  distribution 
of  the  Cr51  atom*  would  be  closer  to  that  of  a  dry  standard. 

The  wet  standards  were  used  to  check  the  linearity  of  the  detector  as  a 
function  of  count  rat*.  Figure  3  shows  a  plot  of  count  rat*  versus  metal 
concentration  for  those  standards  for  which  data  were  available.  As  can  be 
seen,  there  were  no  deviations  from  linearity.  This  means  that  only  one 
standard  at  any  concentration  would  be  sufficient  to  perform  analyse*  of 
propellants  containing  metals  whose  concentration  varied  over  many  orders  of 
magnitude . 
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The  standards  wars  also  used  to  compare  tha  count  rate  relationship  between 
the  wat  and  dry  state.  Tabla  2  shows  that  In  general  tha  count  rata  for  the 
dry  standards  was  about  301  greater  than  tha  count  rata  for  tha  wat  standards. 
This  Inequality  la  explained  by  different  counting  efficiencies  which  arise 
from  the  different  geometrical  distributions  of  the  radioactive  atoms. 
Absorption  of  gaanas  by  the  water  of  the  wet  standards  Is  almost  negligible 
and  would  not  contribute  to  the  Inequality  In  count  rate.  Tha  table  Includes 
all  wet-dry  pairs  for  which  a  comparison  could  be  made.  A  few  sauries  were 
ruined  during  the  Irradiation  process  because  of  leakage  of  water  Into  or  out 
of  the  tubes  and  for  some  samples  the  background  of  the  polvoropvlene  tubes 
Interfered  too  much.  The  two  members  of  anv  wst-drv  pair  were  counted  for 
equal  tines  such  that  about  30,000  counts  were  recorded  for  each  pair. 

The  counts  were  corrected  for  flux  (see  Section  A. 1.2. 3). 


TABLE  2.  Comparison  of  Wet  and  Drv  Standards 


Standard 

State 

Counts  (corrected  for  flux) 

Count  Ratio  (drvVet) 

1000  ppm  Fe 

dry 

58,000 

1.37 

n 

wet 

42,180 

100  ppm  Zn 

dry 

54,950 

1.26 

m 

wet 

43,500 

10  ppm  Zn 

dry 

58,500 

1.38 

n 

wet 

42,000 

1000  ppm  Cr 

dry 

49,770 

1.15 

It 

wet 

43,000 

100  ppm  Cr 

dry 

77,610 

1.36 

99 

wet 

57,200 

I 

There  Is  some  uncertainty  In  the  exact  relationship  between  the  wet  and  drv 
count  rate,  since  one  of  the  sources  of  error  of  the  dry  method  is  associated 
with  the  lack  of  reproducibility  of  residue  deposition  during  the  evaporation 
process.  Minor  variations  in  distribution  of  the  radioactive  residue  will 
occur  from  tube  to  tube,  and  the  detector,  which  Is  quite  sensitive  to  such 
geometrical  differences,  will  record  varying  count  rates.  The  relatively  large 
spread  In  ratios  (1.15  to  1.38)  is  Indicative  of  these  geometrical  differences. 
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4. 1.2. 2  Propellant  Analysis 

In  addition  to  tha  activation  analysis  study,  analyssa  of  the  specification 
grade  propellants  were  made  by  conventional  Mans.  Table  3  summarizes 
the  results.  Analyses  for  metals  were  made  with  a  Perkln-Elmer  Model  303 
atomic  absorption  tpectrosster. 


TABLE  3.  Characterization  of  Propellants 
MSC-PPD-2A  N,04 


Constituent 

Spec  Limits 

Found 

"jV  1 

98.65  min 

99.04 

NO.X 

0.65  ♦  0.2 

0.80 

H,0  equivalent,  X 

0.1  max 

0.01 

N0C1,  X 

0.08  max 

trace 

Fe.  ppm 

not  required 

0.7 

Zn.  ppm 

not  required 

<  0.1 

Cr,  ppm 

not  required 

<0.1 

MIL-  P-26536C  N,H, 

2  4 

Constituent 

Spec  Limits 

Found 

H,H  ,  X 

97.5  min 

98.3 

^0.  X 

2.5  mx 

0.06S 

pert lculate 

10.0  MX 

0.2 

Fe,  ppm 

not  required 

<  0.2 

Zn,  ppm 

not  required 

<0.1 

Cr,  ppm 

not  required 

<0.2 

Cu,  ppm 

not  required 

<0.1 

The  N-.fL  was  sampled  from  the  middle  of  the  SO  gallon  drum  prior  to  the 
activation  analysis  study.  The  N,04  used  for  the  metals  analysis  was  also 
sampled  prior  to  the  actlvetlon  analysis  study  and  was  taken  from  the  upper  one 
third  of  the  storage  tank  (Initially  containing  about  3S0  lb.  of  propellant). 
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The  NjO^  u>e<^  for  the  remainder  of  che  analysis  of  Table  3  was  drawn  from  che 
botcoa  of  Che  tank  after  about  80-902  of  the  N.,0,  had  been  renoved  and  uaed 
during  Taak  2.  An  Iron  analvala  by  atomic  absorption  at  thla  elute  yielded 
a  value  of  0.35  ppa,  half  of  the  Iron  content  at  the  atart  of  the  program. 

The  analyaea  are  noteworthy  for  the  low  concent rat Iona  of  metals  present  In  the 

two  propellants.  Other  workers  have  reported  concentrations  chat  average  about 

2  4 

an  order  of  magnitude  higher.  *  Iron  in  S^O^  (0.35  to  0.7  ppa)  was  the  only 
metal  that  was  present  In  measurable  quantitv.  Ml  other  metals  were  present 
In  concentrations  below  the  detection  limit  of  the  Instrument.  However,  even 
the  Iron  concentration  was  relatively  snail,  since  values  greater  chan  1  ppm 
are  usually  reported. 

Bv  activation  analysis  the  dry  S.,0^  samples  yielded  a  value  of  0.4  ppa  Iron. 

This  Is  acceptable  agreement  with  che  atomic  absorption  results,  especially  In 
view  of  the  fact  chat  the  range  of  Iron  concentrations  (0.35  to  0.7  ppm) 
measured  by  atomic  absorption  suggests  that  Che  results  of  the  analysis  mav  be 
quite  sensitive  to  the  time  and  manner  of  sampling. 

It  seems  verv  possible  that  Che  Iron  concentration  In  a  storage  tank  varies  as 
a  function  of  depth.  Iron  compounds  In  suspension  would  tend  to  settle  with 
time  (assuming  che  particle  size  Is  large  enough).  Thus  the  iron  concentration  at 
Che  bottom  of  the  tank  would  be  greater  than  Chat  at  the  top  of  the  tank.  The 
fact  that  by  atomic  absorption  the  value  (0.7  ppm  Fe)  found  In  the  N',0^  taken 
from  the  top  third  of  the  tank  was  higher  than  that  taken  from  the  bottom  of 
the  tank  (0.35  ppm  Fe)  is  explained  by  the  sampling  sequence.  The  lower 
value  was  obtained  after  most  of  the  N,04  (80-902)  had  been  siphoned  off  for 
use  In  Task  2.  Since  the  siphon  tube  extended  close  to  che  bottom  of  the  tank, 
che  first  N,04  withdrawn  was  probably  richer  in  iron  than  the  last  portion  of 
renoved.  Continued  settling  and  further  removal  reduced  the  iron 

content  with  time  until  relatively  little  remained  In  the  final  10-202. 
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The  drv  analytical  method  could  not  detect  zinc  or  chromium  In  N.O.  end  none 

2  4 

of  the  three  metals  In  The  detection  limits  are  about  0.1  ppei  for  Fe,  0.01 

ppm  for  Zn,  and  0.001  ppm  for  Cr.  Thus  reasonably  Rood  agreement  was  obtained 
between  activation  analysis  and  atomic  absorption  analysis,  which  also  was 
unable  to  detect  these  elements. 

Activation  analysis  employing  the  wet  analytical  technique  was  unsuccessful 

with  both  propellants,  but  for  different  reasons.  In  the  case  of  N,H, ,  the 

2  4 

quartz  tube  containing  the  fuel  exploded  at  some  time  during  the  course  of  the 
Irradiation.  The  tube  was  practically  pulverized  by  the  violence  of  the  explosion 
Efforts  had  been  taken  to  reduce  the  chances  of  such  an  occurrence.  A  sizeable 
hellisn-f Hied  ullage  volume  (10  ce)  was  present  In  the  tube.  The  temperature 
rise  was  expected  to  be  small,  since  the  outer  alisnlnum  container  (In  which  the 
quartz  tube  was  packed)  was  Immersed  In  circulating  reactor  water  whose  temper¬ 
ature  probably  did  not  exceed  90*F.  The  explosion  can  be  satisfactorily 
explained  by  gamma-induced  decomposition  of  the  N,H,.  This  posslbllltv  was 
considered  prior  to  the  Irradiation,  and  using  decomposition  rate  data  In  the 
literature 5 ,f*  and  a  dose  rate  of  10**  rads  per  hour,  the  pressure  Increase  due 
to  decomposition  was  calculated  to  be  only  one  atmosphere  for  a  10-hour 
Irradiation.  The  dose  rate  of  10**  rads  per  hour  was  the  best  available  estimate 
at  the  time  the  calculations  were  made,  but  subsequent  to  the  Irradiation  It 
was  learned  that  the  dose  rate  was  SO  times  higher  (S  x  1 0 '  rads  per  hour). 

This  would  produce  a  pressure  Increase  of  SO  atmospheres,  more  than  enough  to 
burst  the  quartz  container.  It  should  be  noted  that  N.,0,  would  undergo  an 
Insignificant  amount  of  radlatlon-lnduced  decomposition  under  Identical  conditions 

In  the  case  of  the  wet  N’,0^  analysis,  an  unexpectedly  high  level  of  radioactivity 
was  found  In  the  propellant  (after  transferring  the  contents  from  the  activated 
quartz  container  to  an  unactlvated  glass  container  to  minimize  background  effects) 
This  level  of  radioactivity  was  so  high  that  the  presence  of  anv  Iron,  zinc,  or 
chromium  would  have  been  masked. 


'•then  the  uu  vacuum  distilled,  practically  all  of  the  radioactivity 

dlatllled  with  the  N,0. .  A  determiner  ion  of  the  half  life  of  the  volatile 
radioactive  contaminant  yielded  a  value  of  35  houra.  A  aurvey  of  gamma  emitter* 
of  half  life  cloae  to  35  houra  led  to  the  Identification  of  bromlne-82  (half 
life.  35.9  houra)  whoae  literature  apectrum  alngularly  fit  the  apectrum  of  the 
volatile  impurity.  The  amount  of  bromine  preaent  could  not  be  accurately 
eatiaaced  In  the  absence  of  bromine  atandarda,  but  a  concentration  of^cloae  to 
100  ppm  would  be  required  to  give  auch  a  strong  apectrum.  The  bromine  moat 
likely  owed  lta  origin  to  the  N,Q^  preparative  method,  which  Involved  the  reaction 
of  KC1  with  KNOj.  kflr  was  present  aa  an  impurity  In  the  KC1 . * 

4. 1.2. 3  Errors 

Sources  of  error  in  activation  analysis  have  been  the  subject  of  considerable 
study  and  have  been  thoroughly  discussed  elsewhere.'  The  proper  use  of 
atandarda  tends  to  reduce  or  eliminate  errors  by  cancellation;  that  la,  both 
the  aample  and  standard  are  exposed  to  the  same  activation  conditions. 

A  possible  problem  arises  when  the  sample  and  standards  are  not  exposed  to  ex¬ 
actly  the  same  environment  In  the  reactor.  An  error  will  obviously  occur 
If,  because  of  a  non-uniform  flux  distribution  in  the  Irradiation  tube,  the 
sample  and  standard  receive  different  fluxes.  In  this  study  this  problem  was 
obviated  In  part  by  the  rotation  of  the  Irradiation  tubes  at  the  Washington 
State  University  reactor.  However,  there  was  a  variation  In  flux  along  the 
length  of  the  tubes,  reaching  maximum  Intensity  In  the  middle  and  having  the 
minimi*  values  at  the  two  ends.  As  explained  In  Section  4. 1.1.3,  each  bundle 
of  standards  or  propellant  samples  contained  a  five  Inch  long  iron  wire  so 
that  flux  variations  could  be  measured.  After  the  activation  was  complete, 
the  wires  were  cut  Into  four  1/2  inch  segments  and  counted.  The  average 
flux  received  over  these  four  segments  could  then  be  calculated. 

Figure  4  shows  Che  flux  distribution  In  three  bundles  of  standards  stacked  on 
Cop  of  each  other  In  one  of  the  Irradiation  tubes.  The  three  Iron  wires  were 
labeled  6,7,  and  8.  Number  6  was  on  the  bottom,  7  In  the  middle  and  8  on  top. 

As  expected,  the  minimum  fluxes  were  found  at  the  bottom  of  wire  6  (about  8  x  lO^") 

*  Private  communication  with  Nolan  Dodin,  Southwest  Potash  Corporation. 
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and  the  top  of  wire  8  (about  2  x  103^).  The  flux  Increased  up  wire  6,  reaching 

a  maximum  slightly  in  excess  of  1033  near  the  top  of  wire  6.  The  bottom  of 

wire  7  picked  up  the  flux  at  about  1033  and  declined  along  the  wire  reaching 

12 

7  x  10  '  at  the  top  of  the  wire.  3ecause  of  small  spaces  between  the  bottom 
and  top  of  wires  b  and  7  and  wires  7  and  8,  the  flux  value  of  an  adjacent 
wire  did  not  start  exactly  where  the  other  left  off.  Thus  the  bottom  of  wire  8 
began  at  about  6  x  10"  Instead  of  7  x  103',  the  value  at  the  top  of  wire  7. 

The  data  of  Figure  4  allow  one  to  normalize  two  samples  exposed  to  different 
total  fluxes  an where  within  the  irradiation  tube  simply  by  making  a  flux 
correction.  In  this  program  an  effort  was  made  to  put  the  propellant  samples 
side  by  side  with  the  standards  so  that  no  longitudinal  flux  correction  had  to 
be  made. 


4. 1.2. 4  Spectra  Resolution 

In  Section  4. 1.1.4  the  method  of  spectra  resolution  by  progressive  subtraction 
was  explained.  Although  this  could  be  done  manuallv,  a  faster  and  more  elegant 
method  was  through  the  use  of  the  SHIFTY  III  computer  program.  The  question 
of  relative  worth  of  the  computer  program  turned  out  to  be  rather  academic, 
since  none  of  the  propellant  samples  yielded  anv  spectra  that  had  to  be  resolved 

Before  performing  the  propellant  activation,  a  check  was  made  on  whether  a 
simultaneous  analvsls  of  Fe  ,  Zn* ',  and  Cr33  could  be  successfully  accomplished 
This  was  done  by  preparing  and  analyzing  an  aqueous  solution  containing  these 
three  radioisotopes.  The  metal  activities  corresponded  to  those  that  would 
result  from  the  10  hour  activation  at  the  WSU  reactor  of  10  grams  of  propellant 
containing  2  pom  Fe,  0.2  ppm  Zn,  and  0.01  ppm  Cr.  When  the  spectrum  of  the 
mixture  was  resolved  by  the  manual  progressive  subtraction  of  standard  spe- 
tra  of  Fe  ,  Zn*3,  and  Cr33,  the  concentrations  that  were  found  were  1.7  ppm  Fe 
0.21  ppm  Zn,  and  0.011  ppm  Cr.  Thus  the  values  were  about  15?  low  for  iron, 

5?  high  for  zinc,  and  10?  high  for  chromium.  This  Is  good  agreement  considering 
the  low  activities  (concentrations)  involved. 
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It  was  expected  that  the  computer  program  might  perform  a  somewhat  more  accurate 
analysis.  However,  the  computer  program  yielded  the  same  results. 

It  would  seem  that  although  the  propellant  samples  yielded  no  spectra  to  be 
resolved,  the  above  analysis  of  the  laboratory  "unknown"  Indicates  that  spectra 
resolution  Is  not  a  problem  area. 

4.2  Task  2  -  Propellant  Flow  Testa 

The  main  purpose  of  Task  2  was  to  demonstrate  that  radioactive  tracers  are 
capable  of  serving  as  a  highly  sensitive  tool  for  diagnosing  flow  decav  problems. 

In  Its  .  'pleat  fora  the  tool  would  consist  of  a  detector  which  would  externally 
scan  various  parts  of  a  feed  system  and  check  for  contaminant  deposition 
(ganssa  emissions)  at  those  parts.  Because  of  the  great  sensitivity  of  the 
technique,  contaminant  deposition  could  be  detected  In  advance  of  the  time  at 
which  a  clogging  problem  would  be  dlscemable  by  conventional  methods. 

Flow  tests  were  conducted  with  both  and  N,H^.  The  first  tests  of  this 

program  were  made  on  M,0,,  since  Its  clogging  behavior  Is  better  established1, 2*4’ 8* 
9,  10  411 

than  that  of  *  Testing  of  proceeded  after  sufficient 

knowledge  had  been  gained  on  how  to  apply  the  tracer  technique  to  N.,0^.  In  order 
to  make  reasonable  cong>arisons  with  previous  results,  test  conditions  and 
test  equipment  were  similar  to  those  of  previous  studies.2,4 

Prior  to  beginning  the  tests  consideration  had  to  be  given  to  the  means  of 
introducing  radioactivity  Into  the  propellant.  The  four  possible  methods  are 
listed  in  Table  4. 

Method  A,  direct  activation  of  the  propellant  and  lta  metal  contaminants  Is 
ideally  the  best,  since  the  chemical  and  physical  states  of  the  metal  compounds 
in  solution  (or  suspension)  are  probably  not  altered  bv  the  activation  process. 

The  main  disadvantage  is  that  only  small  quantities  of  propellant  can  be  activated 
because  of  space  limitations  In  a  reactor.  Method  B,  which  Involves  activation 
of  the  residue  left  after  evaporation  of  the  propellant  followed  bv  redlssolvlng 
the  residue,  allows  large  quantities  of  propellant  to  be  used,  but  the  evaporation 
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TABLE  Methods  of  Introducing  Radioactivity  into  Propellants 


A.  Activate  liquid  propellant 

1.  .Advantage  -  The  chemical  and  physical  states  of  the  propellant 

contaminants  (metal  compounds)  are  not  altered. 

2.  Disadvantage  -  Because  of  limited  reactor  space  only  small  quantities 

of  propellant  can  be  activated. 

B.  Activate  residue  left  after  evaporation  of  propellant  and  then  redlssolve 
residue  In  propellant 

1.  Advantage  -  Large  quantities  of  propellants  can  be  handled. 

2.  Disadvantage  -  Evaporation  may  change  the  chemical  and/or  physical 

state  of  the  metal  contaminants. 


C.  Add  radioactive  tracer  to  propellant 

1.  Advantage  -  Simplicity  and  high  sensitivity. 

2.  Disadvantage  -  The  chemical  and  phvslcal  state  of  the  radioactive 

tracer  may  be  different  from  that  of  the  metal 
contaminants  In  solution. 


D.  Allow  radioactive  metal  foils  to  Interact  with  high  purity  (Initially 
metal-free  propellant 

1.  Advantage  -  Since  metal  contaminants  will  be  formed  In  the  proper 

chemical  and  physical  state,  one  can  duplicate  the 
bulld-up  of  metal  contaminants  over  anv  desired  storage 
period. 

2.  Disadvantage  -  Long  aging  periods  mav  be  required. 
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process  34v  change  che  chealcal  end  phyalcal  eeatee  of  the  contaalnanta .  Main¬ 
taining  the  proper  chealcal  and  phyalcal  atate  la  laportant,  alnce  the  aechanlea 
of  flow  decay  aay  depend  atrongly  on  che  chealcal  and  phyalcal  atate  of  the 
aecal  contaaloanta . 

Method  C,  the  direct  addition  of  a  radioactive  tracer  to  the  propellant,  waa 
eaployed  extenalvely  In  thla  prograa.  Thla  aethod  haa  the  advantagea  of 
unuaually  high  aenaltlvlty  aa  well  aa  simplicity.  The  very  high  aenaltlvlty 
reaulta  froa  the  fact  that  aany  radlolaotopea  having  high  epeclflc  actlvltlea 
(the  ratio  of  radioactive  atoae  to  total  acoaa)  can  be  purchaaed  froa 
eowaercial  aourcea.  The  apeclflc  activity  la  higher  than  that  attainable  by 
ordinary  activation,  becauae  commercial  aourcea  can  make  uae  of  auch  procedurea 
aa  laotoplc  enrichment  and/or  very  long  activation  tlaea  to  yield  high  apeclflc 
actlvltlea.  In  aany  of  the  runa  aa  little  aa  10  graa  of  Iron,  tine,  or  chroalua 
(aa  aolutlona  of  the  chloride  or  nitrate)  waa  added  to  2  gallona  of  propellant 
(about  0.001  ppa).  and  thla  quantity  of  material  produced  a  very  high  count 
rate  of  the  order  of  1,000,000  epa  when  only  about  1Z  of  the  radioactive 
contaalnanta  depoelted  In  the  teat  aectlon.  The  main  dlaadvantage  of  Method  C 
la  that  one  cannot  be  coapletely  certain  that  the  tracer  compound  takea  the 
same  chemical  and  phyalcal  fora  of  the  correapondlng  aetal  compound  contaminant 
that  la  naturally  preaent  In  the  propellant.  It  doea,  however,  aeea  quite 
poaalble.  If  not  In  fact  likely,  that  through  lntermo lecular  exchange  or  other 
chemical  equilibration  proceaa  the  tracer  will  be  traneformed  Into  the  proper 
atate.  Thla  would  be  particularly  true  If  the  tracer  were  added  In  a  chemical 
fora  that  la  known  to  approximate  that  of  the  aetal  in  aolutlon.  For  example, 
in  the  M..CT  teata  of  thla  prograa,  Fe^  waa  uaually  added  aa  Fe(S0j)j 
dlaeolved  In  a  email  amount  of  concentrated  nitric  acid,  a  chemical  fora  not 
too  different  froa  that  of  the  ferric  nitrate  coaplexea  that  have  been  reported 
In  flow  decay  depoalte  (Fe(N0  j)  and  Fe(N0  SH^O) . 
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Method  D  received  some  attention  In  thle  program.  A  aejor  advantage  le  that 
this  method  can  be  used  to  determine  whether  flow  decay  Is  likely  to  occur 
after  a  long  term  aging  period.  In  the  case  where  an  equilibrium  metal  concen¬ 
tration  (for  example,  a  solubility  limit)  Is  reached  after  a  long  Interaction 
time  In  a  propellant  storage  tank,  the  same  metal  concentration  can  be  duplicated 
In  the  laboratory  in  a  shorter  time  by  Increasing  the  surface  area  of  the 
radioactive  foil,  so  that  the  rate  of  dissolution  Is  accelerated. 

4.2.1  Equipment 

A  schematic  representation  of  the  test  svatem  Is  shown  In  Figure  5.  All  valves 
were  operated  manually.  The  valves,  tanks,  fittings,  and  fluid  lines  (1/4  Inch 
O.D.)  were  of  104,  316,  or  321  stainless  steel.  For  easy  Installation  and 
removal,  the  feed  and  catch  tanks  were  connected  to  the  fluid  line  with  a  short 
piece  of  Aaroqulp  666  Teflon  hose.  All  0-rlngs  were  of  either  Teflon  or  Parker 
coapound  B591-8.  Dr llube,  Tvpe  882,  was  used  where  a  thread  lubricant  was 
needed. 

For  the  tests  Involving  filters,  the  feed  and  catch  tanka  were  of  2.3  gallons 
capacity.  The  tanks  were  flanged  at  the  top  to  permit  access  to  the  Interior 
for  cleaning.  Each  tank  was  equipped  with  a  pressure  gauge  and  fill,  vent, 
and  drain  valves.  In  addition,  the  feed  tank  had  a  dip  tube  outlet,  a  sight 
gauge,  and  a  relief  valve.  The  seal  between  the  flanges  was  s  tongue-ln- 
groove  flat  Teflon  gasket  tvpe. 

In  the  case  of  the  capillary  tests,  a  smaller  (230  cc)  feed  tank  was  required 
because  of  the  much  lower  flow  rates.  Its  dimensions  (about  1  Inch  diameter 
by  20  Inches  tall)  were  such  that  a  long  sight  gauge  could  be  attached  to  the 
tank  so  that  flow  rate  measurements  could  be  taken  with  the  aid  of  graduated 
marks  along  the  sight  gauge. 

Figure  3  also  shove  the  location  of  pressure  and  temperature  sensing  devices. 
Pressure  transducers  and  thermocouples  were  employed  to  continuously  monitor 
the  pressure  and  temperature  at  key  locations  In  the  test  system.  The  heat 
exchanger  pictured  In  Figure  3  was  a  20  foot  coll  of  tubing  submerged  In  a 
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constant  temperature  bach.  The  flow  mater  used  In  Che  first  seven  runs  was  a 
Flscher-Porcer  turbine  type  flow  aecer  (Model  106150S).  In  subsequent  runs 
an  orifice  place  flow  aecer  was  employed. 

Radioactivity  was  measured  with  a  3"  x  3"  right  cylindrical  Sal  crystal 
detector  In  close  proximity  to  the  test  section.  The  pulses  of  light,  produced 
in  the  crystal  by  Incident  gamma  rays,  were  detected  by  a  photomultiplier  tube 
and  were  analyzed  and  counted  with  a  Baird  Atomic  Model  CS202  dual  channel 
analvxer,  two  Model  CS127  scalers  and  one  Model  CS107  scaler,  and  a  CS905 
tlaer.  The  three  scalers  recorded  counts  In  the  energy  Intervals  characteristic 
of  radioactive  Cr'\  Zn*^,  and  Fe  respectively. 

The  test  section  contained  either  a  filter  or  a  capillary.  The  10  micron 
absolute  stainless  steel  filters  w«re  of  wire  mesh  construction  (Western  Filter 
Co.,  Inc.,  part  matter  S12-19310-2) .  Bubble  tests  made  on  eight  filters 
selected  at  random  gave  absolute  micron  ratings  In  a  range  of  9.6  to  10.8 
microns.  Three  10  Inch  long  capillaries  were  used  In  the  tests.  Two  were  8 
all  I.D.  of  tvpe  304  stainless  steel  and  one  was  13  mil  I.D.  of  tvpe  321 
stainless  steel. 

Figures  6  and  7  show  the  filter  test  sections.  A  glass  housing  (Figure  6)  made 
from  a  Corning  Pyrex  pipe  reducer  was  used  In  the  first  five  tests.  The 
glass  housing  permitted  visual  observation  of  anv  matter  that  might  have 
deposited  on  the  filter.  In  subsequent  runs,  the  filter  was  enclosed  bv 
standard  stainless  steel  fittings  (Figure  7).  The  holes  drilled  In  the  fittings 
in  Figure  7  were  to  allow  entrv  to  the  thermocouples.  The  metal  fittings  were 
somewhat  more  convenient  In  that  the  detector  could  be  placed  closer  to  the 
filter,  permitting  a  higher  counting  efficiency  and  higher  sensitivity.  Although 
steal  absorbs  gasmuis  to  a  greater  extent  than  glass,  the  difference  was 
Inconsequential  In  the  case  of  the  two  housings  because  the  thicknesses  of  the 
glass  and  steel  were  such  that  onlv  small  fractions  of  the  gamsaa  were  absorbed. 
The  high  penetrability  of  gamnas  was  Illustrated  at  one  point  In  this  program 
by  finding  only  a  20X  decrease  in  count  rate  when  an  lron-59  source  was  counted 
through  a  1/4  Inch  thick  steel  plate. 
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Figure  8  shows  a  photograph  of  the  apparatus  used  for  a  filter  test.  The 
feed  and  catch  tanks  were  to  the  right  and  left,  respectively.  In  the  picture. 
The  detector  (not  shown)  was  placed  inside  of  the  shielding  cave  formed  by  the 
2"  x  4"  x  8”  lead  bricks.  The  teat  section  Is  located  in  front  of  the  opening 
of  the  shielding  cave. 

Figure  9  shows  a  photograph  of  the  appratus  used  for  a  capillary  test.  The 
capillary  is  in  the  foreground  resting  on  top  of  the  lead  bricks.  The  250  cc 
feed  tank  and  its  sight  gauge  are  located  to  the  right  of  the  capillary.  The 
two  large  tanks  at  the  left  of  the  photograph  were  used  as  catch  and  supply 
tanks  for  the  caplllarv  tests. 

Figure  10  shows  the  nuclear  detector  in  place  for  a  caplllarv  test.  The 
detector  is  shielded  with  2"  x  4"  x  8"  lead  bricks.  The  capillary  can  be  seen 
to  the  left  of  the  shielding  bricks.  The  caplllarv  rests  in  a  groove  In  an 
aluminum  plate.  The  groove  allowed  the  detector  to  slide  easily  along  the 
capillary  so  that  radioactive  contaminants  could  be  detected  as  a  function  of 
length  within  the  caplllarv. 

4.2.2  Procedure 

A  flow  test  cons'lsted  of  four  principal  steps:  (1)  cleaning  of  the  components 
(2)  addition  of  the  propellant  to  the  feed  tank;  (3)  Introduction  of  radio¬ 
activity  into  the  propellant;  and  (4)  flow  of  the  propellant  through  the  test 
section. 

4.2.2. 1  Cleaning 

The  propellant  tanks  were  cleaned  before  each  run.  Lines  and  valves  were 
cleaned  on  an  intermittent  basis  (e.g.,  when  changing  propellants  or  before  a 
run  involving  distilled  cleaning  process  consisted  of  three 

immersions  (at  140*F  for  1/2  hour)  and  three  rinsings  with  deionized  water 
between  the  immersions.  The  first  immersion  was  in  trichloroethylene.  After 
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rinsing,  the  component  was  transferred  to  an  acid  cleaning  solution  (Oaklte  33). 
After  rinsing,  the  final  iranersion  was  in  detergent  solution.  After  the  final 
rinse  with  deionized  water,  the  component  was  superficially  dried  in  a  stream 
of  nitrogen  gas  and  then  placed  In  an  oven  for  about  2  hours  to  complete  the 
drying. 

In  the  teats  Involving  filters,  a  new  filter  was  used  in  the  as-received 
condition  prior  to  each  run.  The  manufacturer's  cleaning  procedure  consisted 
of  three  steps:  (1)  degreasing  with  Isopropyl  alcohol;  (2)  ultrasonic 
cleaning  in  detergent  solution,  and  (3)  ultrasonic  cleaning  in  deionized 
water.  The  filters  were  then  double  sealed  in  polyethylene  bags. 

In  the  case  of  capillaries,  a  capillary  was  cleaned  prior  to  a  run.  A 
simple  though  satisfactory  cleaning  method  consisted  of  flushing  the  capillary 
with  deionized  water.  The  capillarv  was  then  dried  by  passing  gaseous  nitrogen 
(40  pslg)  through  the  capillary,  which  also  served  to  dislodge  any  particulate 
matter  which  would  occasionally  remain  from  a  prior  run.  A  water  calibration 
check  of  the  capillary  would  then  yield  the  proper  flow  rate,  indicating  that 
the  capillarv  was  clean. 

4. 2. 2. 2  Propellant  Handling 

In  each  filter  run  2  gallons  of  propellant  was  drawn  from  the  main  storage  tank 
or  drum  and  placed,  in  most  cases,  in  the  catch  tank.  The  propellant  was  ready 
for  addition  to  the  feed  tank  when  needed.  In  soma  V.,0^  tests  involving 
distilled  propellant,  the  N',0^  was  added  initially  to  a  third  tank.  After 
installing  the  third  tank  In  the  position  normally  occupied  by  the  catch  tank, 
distillation  into  the  feed  tank  was  accomplished.  The  distillation  occurred 
rapidly  when  the  bottom  of  the  third  tank  was  warmed  to  about  100*F  and  the 
heat  exchanger,  through  which  the  S.,0^  was  distilled,  was  cooled  to  32*F. 

Since  only  small  quantities  of  propellant  (200  cc)  were  required  for  the 

4 

capillarv  tests,  a  2  gallon  tank  was  filled  with  the  propellant  in  question 
prior  to  the  tests  from  which  200  cc  portions  were  withdrawn  as  needed.  A 
second  2  gallon  tank  stored  the  used  200  cc  portions  of  propellant. 
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4.2.2. 3  Introduction  of  Radioactive  Material  Into  Propellant 

In  most  runs  radioactive  material  waa  Introduced  through  the  manual  addition 
of  the  dealred  laotope  to  the  propellant.  One  mllllcurle  (me)  of  each  of  the 
three  radlolaotopea  waa  purchaaed  from  International  Chemical  and  Nuclear 
Corporation  (Chemical  and  Radlolaotope  D1 vlalon-Irvlne ,  California).  The  as- 
recelved  laotopea  were  deacrlbed  by  the  data  in  Table  5. 


TABLE  S.  Radlolaotope  Technical  Data  as  of  Reference  Date 


Item 

F.59 

z„65 

Cr51 

Chemical  Form 

Fe(III)  In  0.5N  HC1 

Zn(II)  in  0.5N  HC1 

Cr(III)  In  0.5N  HC1 

Radioactivity 

Concentration 

21.8  mc/ml 

33.0  rac/ml 

37.4  mc/ml 

Volume 

0.046  ml 

0.03  ml 

0.027  ml 

Solids  Content 
Concentration 

1.55  mg  Fe/ml 

10  rag  Zn/ml 

0.205  mg  Cr/ml 

Solids  Content 

0.071  mg  Fe 

0. 30  mg  Zn 

0.0055  mg  Cr 

Specific  Activity 

14.0  me /mg  Fe 

3. 30  mc/mg  Zn 

178  mc/mg  Cr 

Radiochemical 

Purity 

991 

99? 

9«? 

Reference  Date 

4-20-70 

4-20-70 

4-20-70 

Conversion  of  the  metal  chloride  solutlona  to  metal  nitrate  aolutlona  (the  form 
of  the  Isotope  used  for  all  but  the  first  three  runs  during  this  nrogram) 
was  accomplished  by  diluting  the  solution  to  10  ml  with  concentrated  nitric 
acid,  evaporating  the  solution  down  to  a  volume  of  about  1  ml  at  a  temperature 
Just  less  than  the  boiling  point,  and  diluting  back  to  10  ml  with  concentrated 
nitric  acid.  From  0.2  ml  to  1  ml  of  solution  was  used  In  each  run.  Prior  to 
the  N;H4  tests,  the  concentrated  nitric  acid  solvent  was  replaced  with  water 
In  order  to  prevent  Ignition  of  the  N,H4  by  the  HNOj.  This  was  accomplished  bv 
evaporating  the  nitric  acid  and  redlssolvlng  the  metal  nitrate  residue  In  water. 
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Mixing  of  laotop*  with  th#  propellant  waa  achieved  by  tvo  method*  In  the  filter 
teat*.  In  the  flrat  method  the  laotope  aolutlon  waa  lnlected  with  a  avrlnge 
through  a  fitting  In  the  top  of  the  feed  tank  (sometimes  before,  some C tarns 
after  the  propellant  had  been  added  to  the  feed  tank).  The  propellant  waa  then 
vlgoroualy  agitated  by  bubbling  nitrogen  through  the  liquid  at  a  high  flow  rate. 
The  advantage  of  adding  the  radioactive  aolutlon  to  the  feed  tank  before  flowing 
In  the  propellant  waa  that  the  turbulence  cauaed  bv  the  entry  of  the  propellant 
aided  the  mixing.  However,  a  disadvantage  waa  that  some  radioactivity  tended 
to  adhere  to  the  bottom  surface  of  the  tank  which  had  been  contacted  by  the 
0.2  to  1  ml  of  concentrated  radioisotope  solution.  An  Improvement  waa  achieved 
In  the  second  method,  which  consisted  of  flowing  about  1/3  of  the  propellant 
Into  the  feed  tank,  adding  the  radioisotope,  flowing  the  remainder  of  the 
propellant  Into  the  tank,  and  then  bubbling  with  nitrogen. 

In  the  case  of  the  capillary  testa  the  feed  tank  was  small  enough  to  allow  It 
to  be  picked  up  and  shaken  manually.  Consequent lv,  excellent  mixing  was 
easily  achieved. 

In  the  case  of  two  filter  testa  the  radioactivity  waa  Introduced  bv  allowing 

radioactive  foils  to  Interact  with  the  propellant.  In  the  flrat  such  teat, 

atalnlesa  steel  trpe  104  foil  (mass,  9. ft  grama;  surface  area,  300  In')  waa 

activated  for  10  hour*  In  the  VSU  reactor  and  waa  then  placed  In  tvo  gallons 

of  specification  grad*  S.H  ,  The  foil  had  an  activity  of  about  1  me  Cr^* 

59  1  * 

and  0.04  me  F*  at  the  time  of  us*.  The  tank  containing  the  foil  and 
propellant  waa  shaken  manuallv  twice  a  dav  for  10  davs.  Just  prior  to  the  run 
the  radioactive  foil  was  removed  from  the  tank  In  order  to  achieve  a  back¬ 
ground  reduction.  A  similar  test  was  conducted  with  distilled  N  0,  and  radlo- 

2  *  * 

active  Iron  foil  (mass,  38  grams;  surface  area,  300  In  ).  The  Iron  had  an 
activity  of  about  0.4  me  and  was  shaken  with  the  propellant  twice  a  dav  for 
7  days. 
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4. 2. 2.4  Propellant  Flow 

The  feed  tank  In  ell  of  the  filter  run*  wee  Initially  pressurized  at  40  pslg. 

The  evo  gallons  of  propellant  In  the  feed  tank  was  Initially  at  aablent 
reapers curs  (close  to  70*F).  In  all  of  the  N.,0^  runs  the  propellant  was  passed 
through  a  32*  F  heat  exchanger  prior  to  entry  Into  the  test  section.  The 
purpose  of  the  heat  exchanger  was  to  Increase  the  chances  of  flow  decay 
occurring.^  Most  of  the  runs  did  not  Involve  cooling,  while  In  others 

the  heat  exchanger  bath  was  held  at  43*F.  In  sone  of  the  runs  the  2  gallons 
of  propellant  was  returned  to  the  feed  tank  for  additional  passes  through  the 
filter.  Flow  was  comenced  by  opening  a  throttle  valve  until  the  desired  flow 
rate  was  established  (usually  0.2  gal/aln.).  So  more  than  30  seconds  was 
required  to  establish  flow. 

In  the  capillary  runs  flow  could  be  established  aore  quickly,  since  one  did  not 
have  to  adjust  the  flow  to  soae  predetermined  flow  rate.  Flow  was  slaply  set 
and  defined  by  the  desired  pressure  drop  across  the  capillary  (10  or  40  psl). 
About  200  cc  of  propellant  (Initially  at  about  70*F)  was  passed  through  the 
capillary  (soaetlaes  preceded  by  a  heat  exchanger)  during  each  run  or  subrun). 

4.2.3  Results  and  Discussion 

Tables  6,  7,  9  and  9  susoaarlze  the  results  of  the  passage  of  propellant  (to 

which  tracers  were  added)  through  filters  and  capillaries.  Table  10  sumnarlzes 

the  results  of  the  aetal  foil  runs.  In  Tables  6  and  9  the  subruns  (a),  (b), 

etc.  denote  recirculation  of  the  2  gallons  of  propellant  through  the  filter. 

In  Table  8  the  subruns  denote  a  change  in  the  pressure  drop  across  the 

capillary  during  a  run.  The  radioactivity  added  to  or  present  In  the  propellant 

Is  given  In  game*  per  minute,  which  refers  to  0.32  Mev  games  for  Cr*1,  1.10 
59  65 

Mev  g annas  for  Fe  ,  and  1.12  Mev  games  fnr  Zn  .  Onlv  a  snail  percentage 
of  these  games  are  countable  (largely  because  of  geometrical  limitations) . 

In  the  esse  of  filters  In  the  aetal  test  section  the  counting  efficiency  was 
1.121.  In  the  case  of  the  larger  glass  test  section  which  forced  the  detector 
even  farther  away  from  the  filter,  the  efficiency  fell  to  0.S4I.  Note  that 
these  low  counting  efficiencies  do  not  Jeopardize  the  sensitivity  of  the  tracer 
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a 

technique.  uasna  emission  racaa  of  the  order  of  10  gannas  par  minute  ara 
encountered  In  Tables  o,  7,  8,  and  9.  Although  only  about  IS  of  thasa  amissions 
ara  countabla,  the  resulting  count  rata  of  10b  cpm  la  still  vary  high. 

Generally  speaking,  flow  decay  was  readily  observed  whan  MSC-PPD-2A  N.0, 

-  * 

was  passed  through  the  10  micron  absolute  filters,  but  no  flow  decay  was  found 
when  similar  tests  were  conducted  with  freshly  distilled  K-,0^.  Deposition  of 
significant  amounts  of  radioactivity  was  detected  In  all  of  the  N.,0^/ filter 
teats,  sometimes  prior  to  the  point  at  which  a  decrease  In  flow  race  could  be 
measured.  Figures  11  and  12  Illustrate  certain  results  that  are  In  many  ways 
typical  of  all  of  the  S.O^/fllter  tests. 

Figure  11  ( run  1)  shows  flow  decay  setting  In  Immediately  at  the  start  of  the 
run,  accompanied  by  an  Increase  In  the  pressure  drop  across  the  filter  and 
a  build-up  of  radioactivity  on  the  filter.  Over  SOX  flow  decay  had  occurred 
after  Just  b  minutes  time.  The  high  sensitivity  of  the  tracer  technique  can 
be  appreciated  when  one  considers  that  the  high  count  rate  in  Figure  11  (~  30,000 
cpm)  was  obtained  through  the  addition  of  only  0.001  ppm  of  tracer  iron  to  the 
S,0^,  and  only  4.3SX  of  this  amount  (Table  6)  deposited  on  Che  filter. 

In  some  runs  the  had  to  be  recirculated  through  the  filter  before 

appreciable  flow  decay  could  be  detected.  Figure  12  shows  that  In  run  8  (a) 
flow  decay  started  after  about  2  minutes  (although  Zn6^  radioactivity  build¬ 
up  started  at  once),  but  only  about  1SX  flow  decay  had  occurred  at  the  conclusion 

of  this  run.  A  second  pass  of  this  same  two  gallons  of  N,0,  through  the  filter 

*  * 

(run  8(b))  produced  considerably  more  flow  decay,  but  the  build-up  of  Za 

tracer  continued  at  a  much  slower  rate.  In  all  runs  where  the  N,0,  was  re- 

2  4 

circulated,  Che  first  pass  through  the  filter  deposited  the  greatest  amount 
of  radioactivity,  suggesting  that  some  sort  of  equilibrium  or  steady  state 
condition  Is  quickly  reached. 

In  general,  flow  decay  was  not  observed  when  S.tT  was  passed  through  filters. 
Furthermore,  relatively  little  radioactive  material  deposited  on  the  filters. 
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being  typically  only  about  5  co  101  of  the  amount  that  deposited  In  the  case 

of  the  N.0,  tests.  Figure  13  records  the  typical  level  flow  rate,  level 
*  *  59 

pressure  drop,  and  small  Increase  In  Fe  radiation  count  rate.  The  count 
rate  was  plotted  on  a  scale  similar  to  those  of  Figures  11  and  12  so  that 
a  comparison  of  the  relative  radiation  bulld-up  for  the  S,04  and  tests 

could  be  viewed  In  the  proper  perspective. 


Capillary  tests  for  N.,0^  and  N,H4  were  similar  In  that  no  bulld-up  of 
radioactivity  could  be  detected  In  the  capillaries.  Although  some  flow 
Irregularities  were  observed,  the  evidence  was  suggestive  of  clogging  by 
extraneous  particulate  matter  rather  than  by  a  classical  flow  decay  mechanism 
such  as  complex  formation  or  gelation.  Figure  14  is  a  typical  example  (run  14) 
showing  no  count  race  Increase  and  minor  flow  Irregularities. 

4.2. 3.1  N,04  Filter  Tests 

Prior  co  run  1,  a  checkout  run  was  made.  Both  the  flow  meter  and  radiation 
detector  failed  co  operate,  but  the  final  AP  across  the  filter  (  —  35  psl) 
Indicated  that  flow  decay  had  occurred  strongly. 


In  run  1  flow  decay  also  occurred  strongly,  with  essentially  complete 

blockage  of  the  filter  reached  after  about  8  minutes.  The  Increase  In  the  &P 

across  the  filter  paralleled  the  decrease  In  flow  rate.  The  tracer  used  In 

59 

run  1  was  a  1  ml  aqueous  solution  of  Fe  Cl.  (1/10  of  the  solids  content  of 

59  i  -6 

Fe  In  Table  5).  From  Table  5  one  can  see  that  this  Is  only  7.1  x  10 

A 

grams  of  Iron.  Since  the  two  gallons  of  N,04  weighs  approximately  10  grams, 

the  tracer  content  corresponded  to  only  0.0007  ppm  Iron,  an  amount  so  small 

that  no  perturbation  of  the  Iron  content  already  present  In  Che  MSC-PPD-2A 

N'jO^  would  be  expected.  Mor  would  the  water  content  be  likely  to  disturb 

the  system,  1  ml  of  water  accounting  for  only  0.01Z,  far  under  the  spec  limit 

of  0.15.  Of  considerable  Interest  was  the  fact  chat  only  4.35Z  of  the  FeCl. 

59  ■* 

tracer  added  was  deposited  on  the  filter.  Assuming  that  the  Fe  Cl^  equilibrates 
with  the  Iron  compounds  already  present  In  solution  (about  0.7  ppm  from  Table  3) 
through  lntermolecular  exchange  of  Iron  atoms  or  some  such  mechanism  (e.g., 

Fe^  'Clj  ♦  Fe(HOj)  j ”  FeCl^  ♦  Fe^(NOj)  and  assuming  that  the  Iron 
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compounds  arc  responsible  for  flow  decay,  chan  only  a  small  portion  of  the 
already  small  0.7  ppm  Iron  content  actually  la  responsible  for  the  clogging. 

Run  2  was  performed  with  distilled  N.0,.  Since  distillation  la  known  to 

13  1  * 

produce  Iron-free  N^O^,  *  It  was  thought  that  distillation  might  be  a  means 

of  eliminating  flow  decay,  provided  that  the  rate  of  reaction  of  the  N,0 

with  the  stainless  steel  tank  walla  did  not  regenerate  the  Iron  compounds  at  a 

fast  rate.  This  was  apparently  the  case,  because  no  flow  decay  was  observed 

In  run  2.  Of  Interest  Is  the  fact  that  about  the  same  amount  of  radioactivity 

(4.44X  of  the  Fe  added)  deposited  on  the  filter  as  In  run  1.  This  is  not, 

however,  che  same  amount  of  Iron,  provided  chat  the  lntermolecular  exchange 

59 

mechanism  mentioned  above  is  operable.  Assuming  that  In  run  1  che  Fe 
underwent  exchange  with  the  0.7  ppm  Fe  already  present  In  the  N.O^  (Table  3), 
them  this  would  mean  about  1000  times  more  Iron  deposited  on  the  filter  In 
run  1  than  in  run  2  (in  which  only  0.0007  ppm  of  tracer  Iron  was  present).* 

Run  2  suggested  a  need  for  determining  percent  flow  decay  as  a  function  of  Iron 

concentration.  Consequently,  In  the  next  three  runs  varying  asx>unts  of  Iron 

as  Fe(H0j)j  were  added:  run  3,  0.1  ppm;  run  4,  1.0  ppm;  run  5,  0.3  ppm. 

The  Fe(N0j)j  was  prepared  by  dissolving  the  desired  weight  of  Iron  wire  In 

concentrated  nitric  acid.  The  N.0,  used  In  run  3  was  the  same  two  gallons 

‘  *  59 

of  H-0,  left  from  run  2.  A  new  filter  was  installed,  and  the  Fe  Cl.,  left 

‘  *  59  3 

from  run  2  remained  In  the  propellant.  Run  4  (and  other  Fe  runs  thereafter) 

59 

marked  the  beginning  of  the  use  of  Fe  (NOj)^  dissolved  In  0.2  to  1  ml  concen¬ 
trated  HNOj  as  the  tracer.  Interestingly  enough,  the  flow  meter  recorded  no 
flow  decay  with  0.1  ppm  Fe,  15X  flow  decay  with  0.3  ppm,  and  77X  flow  decay 
with  1.0  ppm.  Thus  the  degree  of  flow  decay  seemed  directly  related  to  the 
amount  of  FeOJOj)^  added.  In  the  1.0  ppm  run,  the  flow  meter  failed  before  the 
equilibrium  flow  rate  was  established,  and  the  percent  flow  decay  was  estimated 

from  the  change  in  the  pressure  drop  across  the  filter.  In  all  three  runs  the 
59  59 

deposition  of  Fe  was  observed.  The  percent  Fe  that  deposited  (run  3,  0.64X; 
run  4,  0.42X;  run  5,  0.88X)  was,  however,  about  an  order  of  magnitude  less 
than  In  run  2.  This  is  probably  at  least  in  part  due  to  the  0.1-1  ppm  Fe  as 
Fe(N0j)j  added  in  runs  3-5,  which  had  the  effect  of  diluting  the  specific 
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59 

activity  of  the  Fe  . 

Some  difficulty  was  encountered  In  achieving  uniform  mixing  of  the  Fe(NOj).j 

In  cha  N,04  In  runs  4  and  S.  Disparting  uniformly  a  very  small  amount  of  a 

solution  In  a  large  volume  la  notoriously  difficult,  but  the  problem  In  this 

59 

case  was  compounded  by  the  apparent  settling  of  the  Fa  (NO.),  upon  addition 

59  3  3 

of  the  l  ml  of  Fe  (N0j)j/HN0^  solution  to  the  N',0^.  Settling  was  monitored 

by  placing  the  Sal  scintillation  detector  at  various  points  along  the  outside 

of  the  feed  tank.  In  run  4  after  adding  the  Fe(NOj)^  solution  through  a 

fitting  In  the  top  of  the  tank.  It  was  found  that  about  2/3  of  the  Fe(NO^)^ 

was  located  In  the  bottom  half  of  the  tank  after  only  2  minutes.  The  N.,0^ 

was  then  vigorously  agitated  by  bubbling  nitrogen  through  the  liquid  at  a  high 

flow  rate.  This  procedure  Improved  the  distribution  of  the  Fe(NO^)^,  but  some 

still  tended  to  settle  towards  the  bottom. 

Three  explanations  are  available  for  the  settling.  First,  100X  HNO..  le  largely 
Insoluble  In  N,04  and  the  higher  density  of  the  HNO^  (HNO ^,1. SO  g/ml ;  S,04, 

1.44  g/ml)  results  In  settling  upon  addition  to  N,04.  The  concentrated  (702) 

HNO.  Is  rspldly  converted  to  1002  HNO..  through  the  reaction  of  the  water  In 

3  59 

the  HNO ^  solution  with  N.,0^.  The  denser  KNOj  containing  the  dlesolved  Fe 

would  then  settle  and  carry  the  radioactivity  to  the  bottom  of  the  tank.  It 

should  be  noted,  however,  that  In  this  case  the  Iron  would  be  In  true 

solution,  even  though  the  solvent  would  be  small  globules  of  1002  HNO^, 

The  second  possibility  Is  that  Fe(NO^)^  Is  precipitated  upon  contact  of  the 

Fe(M0j) j/HNO^solutlon  with  N.,0^.  Fe(NOj)^  Is  spparently  soluble  to  the  extent 

of  about  1  ppm  In  N.,0^  at  room  temperature  so, the  two  gallons  of  N.0^ 

can  certainly  accommodate  In  true  solution  the  amount  of  Fe(NO^)^  added  In  runs 

4  and  5.  However,  precipitation  may  occur  due  to  localized  supersaturation 

when  the  Fe(N0j)j  solution  contacts  the  N',0^.  The  precipitate  would  redlseolve 

given  enough  time,  but  an  appreciable  length  of  time  might  be  required.  The 

third  explanation  Is  that  Iron  compounds  tend  to  exist  In  N,0,  In  a  colloidal 

state  *  and  that  some  settling  of  the  colloid  occurs.  It  Is  Interesting 

that  In  run  6  the  Cr5i  tracer  also  tended  to  settle,  but  In  runs  8,  9,  and  10, 

In  which  Zn^  was  sdded,  perfectly  uniform  distribution  wes  quickly  and  easily 


Diao-  127M-1 


achieved.  It  la  possible  that  fine  nltrata  la  more  soluble  In  N^O^  than  Iron 
or  chromium  nltrata.  It  may  ba  noteworthy  that  no  aattllng  of  any  of  tha 
thraa  laotopaa  was  detected  In  hydrailna  (Sactlona  4.2. 3. 4  and  4.2. 3.5). 

Tha  aolubliltlaa  of  metal  aalta  ara  raportad  to  ba  ralatlvaly  high  In  hydra- 
zlna.'* 

In  run  6  tha  glaaa  taat  aactlon  waa  raplacad  with  a  atalnlaaa  ataal  taat 
aactlon  (compare  Figures  6  and  7).  Tha  purpoaa  of  tha  glaaa  houalng  had  baan 
to  permit  vlaual  obaarvatlon  of  any  dapoaltlon  that  might  occur  on  tha 
flltar.  No  dapoalta  wara  obaarvad  with  tha  unaldad  aya.  Tha  dapoalta  could 
probably  hava  baan  raadlly  aaan  with  tha  caraful  uaa  of  a  mlcroacopa,  but 
thla  aattar  waa  not  purauad  further  bacauae  flow  dacay  dapoalta  on  thin  typa 
flltar  hava  baan  vlaually  obaarvad  pravloualy  and  tha  dapoaltlon  procaaa 
documantad  on  film." 

In  run  6(a)  no  flow  dacay  waa  obaarvad.  although  radloactlva  material  dapoaltad 
on  tha  flltar  and  Juat  bafora  tha  conclualon  of  tha  run  a  alight  lncraaaa  In 
tha  &P  acroaa  tha  flltar  waa  notad,  which  wara  ragardad  aa  algna  that  flow 
dacay  would  probably  atart  aarly  In  run  6(b).  Thla  waa  found  to  ba  tha  caaa 
with  622  flow  dacay  occurring  during  tha  aacond  paaa  of  tha  propallant 
through  tha  flltar. 

Chromium- 5 1  waa  added  aa  tha  tracar  In  run  6.  Rune  6(a)  and  6(b)  wara  notabla 
for  tha  larga  percentages  of  tha  tracar  that  dapoaltad  (20  and  112).  Run 
6(b)  waa  tha  flrat  of  aavaral  rune  In  which  soma  of  tha  dapoalt  was  lost  at 
tha  conclualon  of  tha  run.  Thla  occurrad  at  shutdown  whan  a  small  back-aurge 
of  propallant  dlslodgad  soma  of  tha  dapoalt  as  lndlcatad  by  tha  dacraaaa  In 
radioactivity.  Although  19.92  of  tha  radioactivity  had  dapoaltad  In  run  6(a). 
tha  backaurge  removed  about  642  of  thla.  That  la  why  tha  radioactivity  llstad 
as  balng  praaant  In  tha  N^O^  In  run  6(b)  la  not  19.92  laas  than  tha  starting 
amount  In  run  6(a).  Tha  rasulta  of  tha  backaurge  suggested  that  perhaps  all 
of  tha  deposit  could  ba  removed  by  flowing  tha  N,04  back  through  tha  filter 
lo  tha  reveraa  direction.  Thla  was  attempted  at  tha  conclualon  of  run  6(b). 
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About  60S  of  (ho  radioactivity  was  eliminated  by  thla  procedure,  but  the  re¬ 
maining  material  adhered  tenaciously  to  the  filter  and  could  not  be  removed. 

Run  6(c)  produced  100S  flow  decay  adding  3.6S  more  Cr^  to  the  filter,  which 
after  allowing  for  the  losses  due  to  the  backsurges  corresponded  to  leas 
radioactive  deposit  on  the  filter  than  at  the  end  of  run  6(a). 

In  runs  7  and  3  flow  decay  began  in  7(a)  and  8(a),  but  an  additional  pass 
through  the  filter  was  required  to  establish  substantial  flow  decay  or  complete 
blockage.  In  run  7  the  count  rate  was  measured  in  the  1.1  Mev  energy  region. 

The  tracer  mixture  was  derived  from  0.23  ml  Cr^1,  0.01  ml  Zn^*,  and  0.02  ml 
Te59  solutions. 

Run  9  was  very  interesting  in  that  after  seven  consecutive  passes  through  the 
filter,  no  sign  of  a  flow  rate  decrease  had  occurred.  Radioactive  Zn° 
deposition  increased  only  very  slowly  after  run  9(d),  to  which  point  about  9X 
of  the  available  Zn^(N0j)j  had  deposited.  Since  no  flow  decay  seemed  lamlnent, 
a  decision  was  made  to  double  the  flow  rate  on  the  eighth  pass,  9(h).  The  reason¬ 
ing  was  that  the  Increased  flow  rate  might  dislodge  any  material  that  had 
deposited  on  the  filter.  l'p°n  doubling  the  flow  rate,  flow  decay  began  almost 
immediately,  and  the  flow  rate  decreased  about  5X  in  run  9(h).  Another  pass 
was  made,  and  the  flow  rate  decreased  another  7X,  for  a  total  decrease  of  12Z. 

To  check  whether  flow  decay  would  continue  if  the  flow  rate  were  reduced  back 
to  the  original  value  (0.2  gal/min),  run  9(j)  was  tried.  Flow  decay  did  Indeed 
continue,  with  a  15X  decrease  in  run  9(j).  It  is  certainly  possible  to  deposit 
small  (  <■  10  )  particles  on  a  wire  mesh  type  filter  without  partially 

blocking  the  holes,  since  small  particles  of  a  contaminant  metal  complex  can 
attach  to  the  front  or  back  of  the  wires  primarily  parallel  to  the  direction 
of  flow. 

As  previously  noted  (Section  4. 1.2. 2)  the  iron  (and  other  metals)  concentration 
in  the  main  N.,0^  storage  tank  may  be  greater  at  the  bottom  of  the  tank.  This 
would  Increase  the  chances  of  flow  decay  occurring  in  the  early  runs,  because 
the  siphon  tube,  which  extends  close  to  the  bottom  of  the  storage  tank,  would 
withdraw  N.,0^  that  was  richer  In  particulate  Iron  than  the  last  portions  of 

removed.  Although  more  data  are  required  for  proof,  the  data  of  Table  6 
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•re  nevertheless  consistent  with  tha  hypothesis  that  flow  decay  should  occur 
*o*t  raadily  in  tha  early  runa.  In  only  a  single  run  (run  1)  waa  complete 
blockage  noted  for  tha  first  pass  of  MSC-PPD-2A  through  tha  filter.  In 

subsequent  runs  (6,  7  and  8)  two  or  three  passee  through  the  filter  were  needed 
to  cause  complete  or  substantial  blockage.  (Runs  2,  3,  4,  and  3  were  made 
with  distilled  and  are  therefore  not  applicable.)  The  final  run  with  spec 

grade  propellant  (run  9)  waa  made  after  about  80  to  90Z  of  the  in  the 

storage  tank  had  been  used.  As  noted  above,  in  this  run  flow  decay  occurred 
with  only  great  difficulty. 

Run  10  was  another  test  with  distilled  The  purpose  was  to  see  if  flow 

decay  would  occur  with  distilled  SjO^  that  had  been  recirculated  through  the 
filter  as  In  runs  6-9.  Zlnc-65  was  added  as  the  tracer.  So  flow  decay  was 
observed  in  the  first  four  passes,  although  Zn^  deposited  on  the  filter  as 
usuaKln  run  10(a),  2.39T  of  the  added  Zn65  deposited  with  diminishing 

amounts  In  runs  (b)-(d)).  At  this  point  the  testing  was  ended  for  the  day 
and  the  J»,04  w»i  allowed  to  stand  overnight  in  the  feed  tank.  Tha  next  morning 
about  16  hours  lacer  the  testing  was  resuaed.  In  10(e)  no  flow  decay  occurred, 
but  In  the  very  next  pass  through  the  filter  (10(f))  flow  decay  began  and  continued 
for  the  reaalnder  of  run  10.  These  results  probably  indicate  that  the  rate  of 
reaction  of  the  with  the  walla  of  the  stainless  steel  tank  is  fast  enough 

to  regenerate  a  substantial  aaount  of  dissolved  iron  (or  other  aetal  compounds) 
within  a  period  of  a  few  hours.  The  surface  area  to  propellant  volume  ratio 
of  the  tank  is  fairly  large  and  the  dissolution  rate  would  accordingly  be  high. 

That  the  H^0,  would  be  nearly  saturated  with  iron  upon  standing  for  about  one 
day  would  be  consistent  with  various  published  rate  data  '  ,  although  effects 
on  the  rate  such  as  the  presence  or  absence  of  stirring  are  not  known  with 
certainty. 

Table  10  lists  the  actlvsted  foil  dissolution  tests.  Radioactive  iron  foil 
(rather  than  stainless  steel)  was  selected  for  run  29  in  part  because  its  rate 
of  dissolution  had  been  prevloualy  determined.^  Calculations  before  the  run 
lndlceted  that  a  week's  contact  between  the  propellant  and  the  radioactive 
iron  foil  would  be  sufficient  to  approach  saturation.  The  effect  of  the 
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stainless  steel  surface  of  the  feed  tank  was  an  unknown  factor,  but  bacauaa  the 

two  surface  areas  were  comparable  (each  approximately  300  In'),  one  would  expect 

39 

to  obtain  substantial  Fe  activity  within  the  propellant  even  If  the  rate  of 

dissolution  of  the  stainless  steel  were  somewhat  faster.  This  was  found  to  be 

the  case.  The  Iron  concentration  from  the  Iron  foils  was  deteralned  to  be  about 

0.2  ppm.  The  total  Iron  concentration  was  no  doubt  higher  on  account  of  tha 

contribution  from  the  tank  walls.  On  the  fourth  pass  through  the  filter  flow 

decay  began  and  continued  for  two  sore  passes  through  the  filter.  Sear  the 

beginning  of  the  sixth  pass  coaplete  blockage  occurred.  At  the  conclusion  of 
39 

the  sixth  pass,  Fe  on  the  filter  and  In  an  aliquot  of  N.,0^  were  counted  In  the 
Sal  well  detector  used  In  Task  1  so  that  the  ratio  of  Iron  on  the  filter  to 
that  reaalnlng  In  the  propellant  could  be  accurately  established.  This 
measurement  also  permitted  determination  of  the  amount  of  Iron  that  had  dissolved 
froa  the  radioactive  Iron  foil.  The  gamma  count  rate  on  the  filter  (790  epa) 
wee  found  to  be  12. AX  of  the  original  total  count  rate  In  the  S.0^.  This 
degree  of  deposition  Is  In  reasonably  good  agreement  with  the  results  of 
Table  6,  confirming  that  only  a  small  percentage  of  the  Iron  In  solution  deposits 
on  the  filter  during  or  preceding  the  flow  deesy  process  and  suggesting  that 
manual  tracer  addition  Is  a  valid  way  of  Introducing  radioactivity  Into  the 
propellant. 

Interesting  results  were  obtained  when  attempts  were  made  to  clean  the  filters. 
All  filters  which  had  been  subsequently  exposed  to  the  air  did  not  exhibit 
any  visible  contamination,  even  though  considerable  radioactive  material  had 
deposited  on  the  filter.  These  filters  were  rinsed  with  various  solvents 
and  monitored  during  the  rinsing  process  for  removal  of  radioactivity.  The 
filter  from  run  4  was  typical.  It  was  rinsed  with  (In  order)  water,  acetone, 
ammonium  hydroxide,  and  potassium  cyanide  solution.  None  of  these  solvents 
had  any  apparent  effect;  all  of  the  radioactivity  remained  with  the  filter. 

The  next  rinsing  was  with  nitric  acid  (diluted  1  to  4  by  volume),  which  removed 
all  of  the  radioactivity  very  quickly  and  efficiently.  More  data  are  necessary 
before  the  reason  for  the  effectiveness  of  nitric  acid  as  a  cleaning  agent 
can  be  explained. 


D10O-I27U1-1 


4. 2. 3. 2  Capillary  Tuba  Calibrations 

Prior  to  the  casts  cha  two  8-all  capillaries  we<-e  ca'lbr«ted  with  watar. 

Slnca  cha  Raynolds  nuabara  encountered  In  this  program  wars  lass  than  2000, 
laalnar  flow  was  axpactad  In  all  of  tha  runs.  For  lanlnar  flow  tha  volumetric 
flow  race  Is  directly  proportional  to  tha  pressure  drop  across  tha  capillary  and 
Cha  fourth  power  of  tha  dlaaatar  and  Inversely  proportional  to  Cha  length  of 
cha  capillary  and  tha  viscosity  of  tha  fluid.  For  a  given  capillary  cha 
voluaetrlc  flow  rate  Is  siaply  Inversely  proportional  to  tha  viscosity  at  a 
fixed  pressure  drop.  Table  11  suanarlzes  cha  flow  rates  found  for  H,0 
and  lists  tha  calculated  values  for  N,0,  and  based  on  tha  viscosity  ratios. 

TABLE  11.  CAPILLARY  FLOW  RATES  AT  67*F 


Capillary 

Tube 

Nuaber 

a?  (pel) 

h2o 

Flow 

Rate 

Found 

(al/aln) 

N204 

Flow 

Rate 

Calculated 

(al/aln) 

*2«4 

Flow 

Rate 

Calculated 

(al/aln) 

1 

10 

1.01 

2.59 

1.10 

1 

40 

3.91 

10.03 

4.27 

2 

10 

0.89 

2.27 

0.97 

2 

40 

3.42 

8.77 

3.74 

The  first  conclusion  of  Table  11  Is  that  tha  flow  rata  of  capillary  nuaber  1 
Is  about  14X  graatar  than  chat  of  capillary  nuaber  2.  Tha  second  conclusion 
Is  that  tha  flow  rata  as  expected  Is  vary  nearly  directly  proportional  to  the 
&P  across  the  filter,  although  the  flow  rate  did  not  quite  quadruple  when  the 
&P  was  quadrupled. 

4.2. 3. 3  S,04  Capillary  Tests 

Tha  flow  rates  listed  In  Table  7  did  not  In  general  agree  coaplataly  with  the 
theoretical  flow  rates  given  In  Table  11.  Also  Irregularities  In  flow  are 
apparent,  although  no  trend  of  a  decrease  In  flow  rate  with  tlae  can  be  seen. 
Runs  13  and  14  showed  good  agreeaent  with  the  theoretical  flow  rate  (Table  11) 
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at  the  scare  of  the  run,  but  the  flow  rataa  chan  decreased  later  In  che  rune 
(co  1.7  and  1.8  ml/mln,  respectively).  In  run  14  che  flow  race  Increased 
cowards  che  end  of  the  run  and  again  approached  the  cheoretlcal  flow  race. 

The  flow  irregularities  sees  acre  consistent  with  partial  clogging  froa 
extraneous  particulate  aatcer  rather  chan  froa  flow  decay  aechanlsms  such  as 
gelation  or  coaplex  foraatlon.  For  exaaple,  in  run  12  flow  did  not  start 
when  che  propellant  in  the  capillary  was  first  pressurized  to  40  pal.  After 
recleaning,  flow  began  at  a  low  flow  rate  (2.8  al/aln)  and  then  began  to 
Increase  aldway  through  the  run,  finishing  at  5.5  al/aln,  nearly  double  che 
starting  flow  rate.  The  fact  that  flow  would  not  start  initially  and  that 
when  it  finally  did  start  the  flow  rate  actually  Increased  with  tlae  is  aore 
consistent  with  staple  particulate  aatter  clogging  than  a  flow  decay  aechanlsa. 
Furthermore,  in  run  14  no  radioactivity  could  be  detected  as  having  deposited 
in  the  capillary.  In  some  of  the  runs  the  propellant  was  cooled  prior  to  entry 
into  the  test  section,  but  the  flow  rates  were  so  small  chat  che  propellant 
had  warmed  back  to  70*F  before  entry  into  the  capillary,  meaning  that 
viscosity  variations  with  temperature  cannot  account  for  the  flow  irregularities 
of  Table  7. 

The  flow  rates  of  Table  7  are  probably  accurate  to  +5*  at  beat.  The  graduated 
sight  gauge  markings  were  only  5  ml  apart,  which  permitted  many  flow  rate 
readings  to  be  made,  but  limited  the  accuracy  in  any  one  individual  reading. 

4. 2. 3.4  S,H4  Capillary  Tests 

Like  the  N,0A  flow  runs  the  tests  also  exhibited  some  flow  rate 

Irregularities,  but  in  this  case  the  flow  rates  seemed  in  better  agreement 
with  theoretical  values.  Again  no  flow  decay  trend  could  be  discerned,  and 
the  flow  irregularities  are  best  explained  by  partial  clogging  due  to  extraneous 
particulate  aatter.  No  deposition  of  rsdloactlve  matter  was  detected. 


Runs  16(a)  and  (b),  19,  and  21  yielded  flow  rates  that  were  fairly  close  to 
theoretical  (Table  11).  Also  the  initial  flow  rates  In  runs  17(a)  and  20  were 
in  good  agreement  with  theory.  In  run  16  the  first  portion  of  the  run,  16(a), 
was  conducted  at  40  nsi.  In  the  midst  of  the  run  the  head  pressure  was 
suddenly  reduced  to.  10  pal  to  see  if  the  flow  rate  would  be  reduced  by  a  factor 
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of  4.  Such  was  found  Co  be  the  case,  with  Che  flow  race  dropping  from  abouc 
3.6  al/aln  co  abouc  0.9  al/aln.  However,  when  Che  head  pressure  was  recurned 
CO  40  psl  in  16(c),  Che  flow  race  Increased  co  3.2  al/aln,  noc  quite  equal  Co 
the  original  value  In  run  16(a).  Runs  19(a)  and  (b)  were  In  excellent  agree¬ 
ment  with  theory  and  run  21  was  satisfactory  as  well. 

Runs  13(b)  and  20  were  che  only  runs  In  which  substantial  (complete  or  almoac 
complete)  blockage  occurred.  Flow  would  noc  even  begin  In  run  13(b)  when  Che 
pressure  was  reduced  a  factor  of  4  from  18(a).  In  run  20  flow  began  well,  but 
Chen  decreased  to  alaosc  nothing.  It  was  thought  that  If  a  particle  were 
blocking  che  capillary  a  sharp  cap  sight  dislodge  che  pardcle.  Upon  sharply 
capping  che  capillary  wlch  a  wrench  che  flow  rate  suddenly  Increased  froa  0.3 
al/aln  co  0.67  al/aln.  Ac  che  conclusion  of  this  run  an  examination  of  che 
capillary  revealed  black  specs  ac  che  entrance  co  che  capillary.  These  black 
•pecs,  which  apparently  had  been  responsible  for  clogging  Che  capillary,  had 
aore  Che  appearance  of  extraneous  particulate  matter  (such  as  described  In 
Section  4. 2. 3. 5  and  Figure  13)  rather  chan  a  aecal  complex  compound. 

4. 2. 3. 5  N2H4  Filter  Tests 

The  flow  tescs  of  Table  9  (runs  22-26)  were  very  satisfying  In  that  noc 

only  no  flow  decay  occurred,  but  che  aaount  of  radioactivity  that  deposited 
on  ehe  filter  was  about  an  order  of  magnitude  less  than  the  amount  that 
deposited  In  che  tests.  Thus  the  tendency  for  flow  decay  to  occur  seems 

closely  related  to  the  aaount  of  tracer  that  deposits. 

Since  some  of  the  tests  suggested  that  considerable  propellant  may  flow 

normally  through  che  filter  before  flow  decay  begins,  every  effort  was  made 
to  give  flow  decay  a  chance  to  occur.  All  of  the  runs  of  Table  9  were  made 
using  che  same  two  gallons  of  and  the  same  filter  employed  In  the  Initial 

run  (run  22).  The  propellant  was  simply  recirculated  through  the  filter  with  a 
new  run  number  assigned  whenever  additional  radioactive  tracer  was  added  to 
the  N,H4.  The  heat  exchanger  was  set  at  as  low  a  temperature  as  was  practical 
(43*F)  in  runs  25(c)-(g).  (},2H4  at  *bout  36*F).  After  many  passes 

through  che  filter  the  flow  rate  was  doubled  in  run  23(g)  to  see  If  the  Increased 
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flow  race  might  induce  flow  decay  aa  waa  obeerved  in  run  9(h)  of  Che  N,04  caeca. 
The  results,  however,  were  negative. 

Matal  aalca  are  reported  to  be  much  more  aoluble  in  N,H,  than  in  N„0, ,4  It 

aeesa  quite  poaeible  that  flow  decay  doea  not  occur  in  becauae  the  natal 

concaninanca  never  reach  a  atate  aufficiencly  close  to  eaturation.  To  verify 

thia  idea  atteapta  were  made  to  prepare  a  aoluclon  of  ZnSO.  cloae  to  Che 

4 

saturation  linlt  and  then  pass  thia  solution  through  a  filter  (run  27).  Zinc 
sulfate  was  selected  aa  the  salt  because  this  substance  is  soluble  to  the 
extent  of  only  about  70  ppm  (as  Zn)  in  N,H4  at  roots  temperature.4  The  solution 
waa  prepared  by  dissolving  lg  of  ZnS04'7H20  in  1  ml  of  HjO  and  adding  this 
solution  to  two  gallons  of  This  would  produce  a  solution  of  28  ppts  (as  Zn) 

After  adding  the  aqueous  ZnS04  solution  to  the  N.,H4  in  the  catch  tank,  the 
•ixture  was  agitated  for  about  5  minutes.  The  solution  was  then  passed 
through  one  of  the  10  micron  filters  into  the  feed  tank  (bypassing  the  filter 
in  the  test  section)  to  remove  any  particulate  ZnSO^  that  might  be  present. 

When  the  propellant  was  next  flowed  from  the  feed  tank  through  the  test 
section  considerable  flow  decay  occurred  (24X).  Of  interest  was  the  face  that 
the  radioactivity  count  level  on  the  filter  decreased  substantially  during  the 
run  (about  60X).  The  filter  in  the  test  section  was  the  sane  filter  used  in 
runs  22-26,  and  appreciable  radioactivity  had  deposited  prior  to  run  27.  The 
decrease  in  count  rate  is  easily  explained  by  lnteraolecular  exchange  between 
the  sine  atoms  of  the  ZnS04  solution  and  Zn^  atoms  of  the  <lnc  compound 
adhering  to  the  filter. 

At  the  conclusion  of  run  27  the  filter  was  removed  and  placed  in  a  polyethylene 
bag  for  storage.  Mo  special  precautions  were  taken  to  avoid  exposure  to  the 
air.  The  external  surface  had  a  dark  appearance,  probably  due  to  the 
deposition  of  some  sort  of  a  line  sulfate-hydrazine  complex.  About  5  minutes 
later  the  dark  coloration  had  disappeared,  and  the  plastic  bag  had  oelted. 
Apparently  the  zinc  complex  had  undergone  air  oxidation  releasing  sufficient 
heat  to  cause  the  melting. 
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The  (oil  dissolution  test  (Table  10)  was  a  failure  due  to  the  N0H ,  becoming 
contaminated  with  extraneous  particulate  matter.  When  the  N',H ,  was  passed 
through  the  filter,  plugging  occurred.  An  examination  of  the  N^H,  revealed 
the  presence  of  numerous  small  black  particles  In  the  propellant.  These 
black  particles  were  traced  to  two  likely  sources.  Many  of  the  black  particles 
were  rather  dense  and  were  ferromagnetic.  These  were  Introduced  from  the  acid 
immersion  bath  used  In  the  cleaning  procedure.  The  particles  had  deposited  on 
the  flange  where  the  flange  overlaps  the  walls  of  the  tank  such  that  the 
particles  could  not  be  seen  when  the  Inside  of  the  tank  was  first  Inspected. 

The  remainder  of  the  black  particles  were  believed  to  have  come  from  one  or 
more  valve  O-rlngs  that  deteriorated.  Figure  15  shows  one  such  O-ring 
discovered  Just  after  the  completion  of  run  28.  The  bits  and  pieces  of  the  O-rlng 
are  distributed  over  the  upper  threads  In  the  picture.  The  0>rlng  was  Parker 
compound  (Cat.  So.  3591-8).  The  fact  that  the  O-rlng  was  old  and  had  been  used 
In  both  the  N,04  and  tests  of  this  program  probably  contributed  to  Its 

deterioration. 

4. 2. 3. 6  Temperatures 

In  all  of  the  flow  tests  the  propellant  In  the  feed  tank  was  maintained  at  a 
temperature  of  70  +5*F.  In  the  case  of  0.2  gpm  N^/fllter  tests  In  which  a 
32*F  heat  exchanger  was  used,  the  propellant  had  warmed  to  49* F  by  the  time 
the  test  section  was  reached.  In  the  case  of  0.2  gpm  N,H^/filter  tests  In  which 
a  43*F  heat  exchanger  was  used,  the  propellant  had  warmed  to  52*F  prior  to  entry 
Into  the  test  section.  The  &T's  across  the  filters  and  capillaries  were 
small,  corresponding  to  no  more  than  a  1*F  temperature  rise. 
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5.0  CONCLUSIONS 

The  tbirwl  neutron  activation  analytical  technique  developed  In  Taak  1  la  an 
excellent  method  for  the  quantitative  analyala  of  trace  concentrations  of 
aetala  in  propellanta.  Although  capable  of  high  sensitivity,  the  method  auat 
be  properly  applied  to  reap  fully  this  advantage.  Due  care  must  be  exerclaed 
In  choosing  a  container  material,  since  impurities  in  the  container  may  activate 
to  give  Interfering  gamma  emissions.  There  la  no  reason,  however,  why  the 
activated  contents  (e.g.,  propellant  or  aqueous  solution  of  a  standard) 
cannot  be  transferred  to  an  inert  (radloactlvely  speaking)  container  for  count¬ 
ing. 

The  "wet”  analytical  method,  in  which  the  liquid  propellant  and  Its  contents 
are  activated,  should  be  avoided  if  possible.  Besides  the  added  handling 
difficulties,  the  method  suffers  from  disadvantages  such  as  Instability  of  the 
propellant  in  the  presence  of  reactor  radiation  (as  was  found  for  N.H.  In 
this  program)  and  Interference  from  the  gamma  emissions  of  volatile  Impurities 
(as  was  found  for  N^O^  In  this  program).  However,  the  "dry"  analytical  method. 
In  which  the  residue  left  after  evaporating  the  propellant  Is  activated,  Is 
quite  satisfactory.  The  method  minimizes  propellant  handling  without  any 
appreciable  Impact  on  either  sensitivity  or  accuracy. 

Atomic  absorption  spectroscopy,  the  only  possible  competitor  of  activation 
analysis  In  terms  of  sensitivity,  yields  results  more  rapidly.  However, 
when  lower  detection  limits  are  required  or  when  a  propellant  sample  must  be 
analyzed  for  several  metals  simultaneously,  then  dry  activation  analysis  Is 
the  correct  choice.  If  a  propellant  sample  must  be  analyzed  In  a  nondestructive 
fashion,  then  wet  activation  analysis  is  a  possible  method  In  spite  of  Its 
disadvantages. 

The  results  of  Task  2  show  that  radioactive  tracers  can  be  considered  to  have 
two  major  advantages  as  a  diagnostic  tool  when  applied  to  flow  decay  problems: 
(1)  the  high  penetrability  of  gamma  rays  permits  the  movement  of  metal 
contaminants  within  a  feed  system  to  be  externally  monitored  without  disturb¬ 
ing  the  system  in  any  way;  and  (2)  the  very  high  sensitivity  of  the  tool 
permits  a  study  of  the  movement  of  amounts  of  contaminants  so  small  as  to  be 
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orders  of  magnitude  below  the  detection  Units  measured  by  other  means. 

I 

The  experimental  results  lead  one  to  conclude  that  the  MSC-PPD-2A  N,0. 
used  in  this  program  is  highly  prone  to  undergo  flow  decay  whan  paseed  through 
10  micron  absolute  filters.  Distillation  of  the  propellant  is  a  means  of 
eliminating  the  occurrence  of  flow  decay,  provided  that  the  poat-dlstlllaclon 
contact  time  between  the  N.,0^  and  metal  surfaces  is  short  enough  to  avoid 
recontaminating  the  propellant  with  critical  amounts  of  dissolved  metals  such 
as  iron.  The  ease  with  which  nitrates  of  radioactive  zinc  and  chromium 
deposited  on  the  filters  indicates  that  these  metals  as  well  as  iron  can  be 
found  in  N-,0^  flow  decay  deposits.  Since  analytical  data  taken  from  this 
program  and  another'  indicates  that  the  concentrations  of  zinc  and  chromium 
(especially  chromium)  in  tend  to  be  lower  than  that  of  iron,  one  would 

expect  that  these  two  metals  play  a  smaller  role  in  inducing  flow  decay. 


Monitoring  the  movement  of  these  radioactive  contaminants  allowed  two 
important  conclusions  to  be  reached  which  help  shed  light  on  the  flow  decay 
mechanism.  First,  the  amount  of  contaminant  that  need  deposit  to  cause  flow 
decay  is  only  a  small  fraction  (about  1  to  10X)  of  the  metal  content  in 
solution.  Second,  of  the  1  to  10X  of  the  metal  contaminant  that  deposits,  the 
bulk  of  this  material  often  deposits  prior  to  the  point  at  which  a  decrease 
in  flow  rate  can  be  measured.  More  information  is  needed,  however,  before 
an  actual  mechanism  can  be  postulated. 

Flow  decay  appears  not  to  be  a  problem  when  MIL-P-26536C  is  passed  through 

10  micron  filters.  This  conclusion  la  baaed  on  the  fact  that  no  flow  decay  was 
observed  with  N,H4  under  the  teat  conditions  in  this  program  and  bacause  far 
less  radioactive  material  deposited  in  the  tests  as  compared  to  the  N^O^ 

testa. 

Although  flow  rate  irregularities  ware  experienced  on  occasion  when  both  N^O^ 
and  were  passed  through  0.008  inch  I.D.  capillaries,  these  irregularities 

were  more  consistent  with  partial  blockage  by  extraneous  particulate  matter 

o 
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In  the  propellant  rather  than  tha  reault  of  noac  flow  dacay  mechanlam. 

Placing  a  10  micron  filter  upetream  of  the  capillary  would  eliminate  the  flow 
lrregularltlea  In  the  caae  of  N,H^,  but  would  only  compound  the  problem  In  the 
caae  of  alnce  the  fllcer  would  undergo  blockage. 
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6.0  RECOMMENDATIONS 

No  further  study  of  activation  analysis  as  a  means  of  quantitatively  analysing 
for  metals  in  propellants  is  recommended.  The  various  advantages  and  problem 
areas  were  adequately  defined  during  Task  1  of  this  program. 

Much  remains  unknown  concerning  flow  decay  mechanisms.  The  radioactive  tracer 
technique  was  shown  In  this  program  to  be  an  excellent  tool  for  gaining  Insight 
Into  these  mechanisms,  and  use  of  this  cool  should  be  pursued  to  gain  additional 
Insight.  Flow  tests  conducted  In  Task  2  were  limited  to  a  narrow  range  of 
temperature  and  flow  rate,  and  It  would  therefore  seem  desirable  to  broaden 
the  data  to  include  these  Important  parameters.  Other  propellants  should  also 
be  studied.  Flow  decay  has  not  been  observed  In  certain  propellants,  but  the 
use  of  a  more  sensitive  technique  may  uncover  some  hitherto  unrecognized 
problems.  Finally,  ocher  metals  should  be  Investigated.  Aluminum  and  titanium 
alloys  are  Important  candidates  because  of  their  widespread  use  In  the  aero¬ 
space  Industry. 
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